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STUDIES OF FROST PENETRATION 


BY HARRY U. FULLER* 
[Read May 23, 1940.] 


In the JouRNAL OF THE NEw ENGLAND WATER Works Asso- 
CIATION for 1936, there appeared an article on frost penetration which 
attempted to state some of the reasons why frost goes deeper in some 
years than in others. It was stated that experiments were to be car- 
ried on by the Portland Water District to learn something further 
about what was going on in the ground in the winter time. The 
present paper is a report of what was learned by those experiments. 

Thermometers were installed at 6-in. intervals from 1 ft. below 
the surface to 6 ft. below in two series; one set in clay and one ir 
gravel. The thermometers were read at intervals of about a week for 
a period of a year beginning in September 1935. At the end of the 
year, the thermometers were indicating practically the same values 
as at the beginning. They had gone through a twelve-month cycle, 
cooling down through the winter and warming up during the summer. 

The snow was removed from the ground over the thermometers 
so that the results would reflect conditions in roads that are kept 
clear of snow by plows. 

The information obtained from these buried thermometers has 
been tabulated and diagrams have been drawn showing what the 
temperatures were in the ground from the time the ground began to 
freeze on the surface to the time when the last of the frost melted. 

Frost Penetration in Gravel. Figure 1 shows the frost line in 
gravel. From left to right, time is shown, and the heavy line records 
how deep the frost is each day. It was found that the temperature of 
the air acts more rapidly in gravel than in clay. A two-inch pipe is 
drawn to scale in a five-foot trench in all figures to show how near the 


frost came to the pipe. 
The frost began to go down on November 27 and reached its- 
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PORTLAND WATER DISTRICT 
PORTLAND MAINE 


FROZEN GROUND IN GRAVEL 
WINTER 1935 — 1936 
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lowest point on February 27. It held at its maximum depth of 
45 in. until March 7, when the ground began to thaw at the bottom. 
On March 10, the surface began to thaw, and on March 16 the last 
frost melted only 15 in. below the surface. The dotted lines show the 
temperatures in the frozen ground, and it can be seen that in the last 
part of January, the ice reached a temperature of 24° F. 

Frost Penetration in Clay. Figure 2 shows the frost line in clay. 
Beginning on December 15, the surface of the ground was frozen, 
and from that time until February 27 the frost line moved down 48 
in. below the surface. From that time, it began to move upward, until 
on April 3 the last frost disappeared. The chart shows that on March 
10 the surface of the ground began to thaw and continued thawing 
until on April 3 the last frost disappeared at a depth of 30 in. below 
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PORTLAND WATER DISTRICT 
PORTLAND MAINE 


FROZEN GROUND IN CLAY 
WINTER 1935 — 1936 
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FIGURE 2. 


the surface. The dotted lines show that the frozen ground reached 
and held a temperature of 29° F. during a large part of January 
and February. 

Combination Frost Line. Figure 3 gives the frost line in both 
gravel and clay. It shows how much more responsive to the tempera- 
ture of the air is the gravel than the clay. The frost went down 
more rapidly in the gravel than in the clay until about the first of 
the year; then the line for clay overtook the line for gravel and pro- 
ceeded more rapidly than the other. On March 1, they were both at 
the same depth and kept together for about a week. ‘Then under 
the influence of the increasing daily temperature the frost went out 
of the gravel in a week, while a month was required to melt all the 
frost in the clay. 
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PORTLAND WATER DISTRICT 
PORTLAND MAINE 
COMPARISON OF THE FROST LINES 
IN GRAVEL AND CLAY 
WINTER 1935 — 1936 
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Ficure 3. 


Accumulated Deficiency Curve. Each day the newspapers in the 
report of the Weather Bureau tell the mean temperature for the pre- 
ceding day. If this information is not easily obtained, a thermometer 
can be read early in the morning and in the evening. The average 
of these readings is not far from the mean temperature. When the 
season is advanced to where the mean temperature is less than 32° F. 
the ground begins to freeze. If the mean temperature for the day is 
subtracted from 32° F., the difference is a measure of the freezing 
effect of the air on the ground. If this deficiency of temperature 
below 32° F. is added each day to that of the preceding days and 
the result plotted on cross section paper, a mass curve is obtained, 
which is a measure of the severity of the winter. 

Relationship Between Air Temperature and Frost. Figure 4 
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PORTLAND WATER DISTRICT PORTLAND MAINE 
SHOWING RELATION BETWEEN ACCUMULATED TEMPERATURE DEFICIENCY AND 
FROST PENETRATION WINTER OF 1935 AND 1936 
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frost line for the winter of 1935-36. It also shows the average accu- 
mulated deficiency curve at Portland for fifty years. The winter 
shown was not far from a normal winter and the accumulated de- 
ficiency reached 840 degrees before beginning to go down. 

The frost line in this diagram is a combination of the gravel and 
clay lines from the previous diagrares and is the lower at each point. 
It can be seen that as the temperature deficiency line rises, the frost 
line goes down, and in gravel, when the weather moderates and the 
deficiency line runs level, the frost line also tends to run level. There 
is some lag between cause and effect in all parts of this diagram, 
and the clay is much less responsive to quick changes in air tempera- 
ture than is the gravel. On this diagram, it takes about one-half as 
long for the frost to leave the ground as it did for it to go down to 
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the low point. There seems to be a very good relation between the 
frost line and the temperature deficiency line while the frost is going 
down, but when the air above as well as the ground beneath are both 
melting the frost, the relationship is not so good. 

Range in the Severity of Winters. In the winter of 1917-18, the 
accumulated deficiency reached a high point of 1500 degrees, while 
in the winter of 1936-37, the high point was 170 degrees. In the 
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former year, the frost was not out of the ground until about May 1, 
while in the latter year it was out about April 1. The other years 
studied have varied between these extremes. 

Loose unpacked snow is well known to be an excellent insulator, 
but in these days of automobiles, when snow plows keep the ground 
nearly bare and the traffic soon packs the remaining snow to the 
condition of ice, the insulating properties of the snow are not effective 
in the roads. 

Frost Chart. From the experiments that have been described 
and records of when the frost was virtually out of the ground on 
previous years, a chart has been prepared on which the accumulated 
deficiency line can be plotted (Fig. 6). The depth of frost can be 
read on this chart by observing the point at which the temperature 
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FIGURE 6. 


line crosses the various dashed lines which are marked to indicate 
the depth of frost at that particular point. This frost chart has been 
in use in Portland during the past winter and has worked very well. 

A record was kept of the depth of frost found as the season 
progressed, and the dashed lines were a fair average, but there was 
more frost in some places and less in others, as was to be expected, 
in the different kinds of soil. The chart indicated that the frost 
would be gone by about April 15. It was found that such was the 
case, except for a few shady places. The effort required to make the 
chart has been found worth while by a number of water works 
operators. 











P.W.A. IN MAINE WATER WORKS. 


THE STORY OF P.W.A. IN MAINE WATER WORKS 
BY F. J. RENY* 


[Read May 23, 1940.] 





A description of the work done under the Federal Works Ad- 
ministration (P.W.A.) should perhaps be preceded by a short résumé 
of the plan designed by this Administration to aid the construction 
of water utility projects by the United States Government. At the 
time of inception of the idea, it was thought by water utilities offi- 
cials that work under governmental supervision could only be done 
with a great deal of red tape and with great additional expenses and 
that, in all probability, the grant would be taken up by the addi- 
tional amount of supervision and other details which would be neces- 
sary under governmental work. Many utilities hesitated before taking 
advantage of these privileges which the government held out in the 
way of grants in a water works construction project and it was only 
after considerable consideration that our own utility officials were in 
accordance with the request for a governmental grant to construct 
a water project. 

The governmental plan secsiiae that, in the event a project was 
sponsored, the whole amount of the estimated cost of the project 
could be estimated by the engineers, broken down into the various 
items of data, supporting the grant application, which are roughly: 

A general description, together with estimated preliminary 

expenses. 

Costs of land and rights of way. 

Costs in detail, showing breakdown. 

Engineering, architectural, and other technical services. 

Estimated administrative and overhead costs. 

Interest during construction. 

Miscellaneous cost of all kinds together with a total of the 

estimated cost of the project. 

All of this detail, broken down into various divisions of man 
hours of skilled, unskilled, intermediate, technical and clerical labor, 
together with a description of the estimated amount of material and 





*Treasurer and Manager, Portland Water District, Portland, Me. 
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the average number of employees per month, made a rather for- 
midable document to prepare, where small utilities, particularly, had 
no advisory board and were obliged to go to the engineer to get the 
applications in the proper shape. After the estimate was made of the 
total cost, the amount of the grant was to be 45% of the total esti- 
mated cost. This amount to be made partially available in the amount 
of 25% upon certain completions of the work. This was, roughly, a 
description of the application to be made in the event that a project 
was desired. 

Truthfully, we can say, after our experience with P.W.A., that 
the bugaboo of governmental red tape was satisfactorily dissipated. 
The valuable assistance given us by the Regional Engineer Inspector 
in charge, Mr. Feeney and his predecessor, Mr. Mullaney, is hereby 
acknowledged. ‘There was certainly nothing that could be done in 
the way of aid that was not cheerfully done by these men and their 
assistants in all of our projects. 

A description of the work accomplished by the Portland Water 
District under P.W.A. Projects is interesting. The first application 
submitted by the Portland Water District to the Administration was 
in 1936 and consisted of laying approximately 20,000 ft. of 8-in. cast- 
iron pipe in the town of Falmouth. The work was let out to the con- 
tractor, John McDonald Company of Newton, Mass., in April 1936 
and was completed in November of 1936. This was our first experi- 
ence with P.W.A. and gave us the necessary education so that we were 
able to decide whether the grant of 45% was of any material value 
to us in the completion of a water works job. 

Difficulties were encountered in the labor situation, and it was 
found that suitable labor was not to be procured from the U. S. 
Employment Bureaus, nor from the unemployed on the City Relief 
Rolls. The contractor did his best to work with the men assigned 
from these departments, but they simply did not have the ability to 
cope with ledge work, and it was found necessary by the contractor 
to put machinery on for excavating ledge. The work was completed, 
however, in time and the total cost of the project was $87,316.41 and 
the P.W.A. grant amounted to $35,066.41. 

In the recapitulation of this project, it was found that at least 
25 or 30% of saving had been accomplished by the letting out of a ~ 
job to a contractor and that the red tape consisted principally of 
paying the expenses of an inspector on the job, for which we were 
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not allowed, nor for interest during construction. This, however, was 
not so important and so we made no protest. 

The Portland Water District Trustees decided later in 1938, on 
account of the fact that money could be borrowed at such a low rate 
and a bond issue had been made for 244%, which would finance the 
work in mind, to proceed to make other applications to P.W.A. as 
follows: 

For the installation of approximately 38,000 ft. of 48-in. cast-iron 
or reinforced-concrete pipe to be installed from the end of the 48-in. 
line, which was laid in 1931, to the Chlorine house at Sebago Lake. 

This work had been originally planned by the engineers to be 
partially done in 1942 and 1945 in separate sections, but on account 
of the low interest rates and the 45% grant, it was decided that it 
would be efficient to do the work at this time, even though it might 
be in advance of the time set by the engineers, as this would complete 
the system of dual mains. Therefore, bids were advertised for this 
work, and the low bidders were the Lock Joint Pipe Company of 
Ampere, New Jersey, in the amount of $573,310 for reinforced- 
concrete pipe. This bid also included approximately 4500 ft. of 30-in. 
pipe to connect with the existing distribution system. The total esti- 
mated cost of the project, when submitted, was $832,341; the work 
to commence October 31, 1938 and to be finished before October 5, 
1939. 

These bids being acceptable to the Public Works Administration, 
we were notified to proceed immediately, and the contractor set up 
plant to manufacture pipe at Westbrook in the same location where 
the pipe had been made for the same type of’ construction in 1931, 
when a portion of this main had been laid. The work was carried 
along with speed, and the pipe was made and transported to the 
trench locations during the winter. When the ground was ready in 
the spring, the pipe was installed in the trenches and 7 miles of 48-in. 
and 30-in. pipe were in place and completed in October of 1939 and 
the water turned on. 

The addition of the job of remodeling the Chlorine building added 
$6,300 more to this contract and caused the time of total completion to 
be set ahead for a month. The completed project shows that al- 
though the contract price for the installation of the 48-in. main was 
$573,000 and the addition of the Chlorine station, $6,300 more, the 
total cost of the project will run well over $600,000, when the land, 
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legal and other expenses are added. The total final audit has not 
yet been completed, but it is probable that the total contribution from 
the P.W.A. will be approximately $270,000 and the District’s cost, 
$330,000. 

The second P.W.A. Project submitted at nearly the same time 
to the Administration was made principally in order to improve fire 
service in certain sections to comply with the suggestions of the 
National Board of Fire Underwriters. Investigation had disclosed 
that various dead ends in Westbrook and West Falmouth should be 
connected to give satisfactory fire service and supply, and this called 
for a new standpipe to be installed on the heights on Brook Street, 
in Westbrook with a capacity of 250,000 gal. Other small mains in 
the Deering section were replaced by 16-in. and 12-in pipe, and five 
hydrants were added at certain points. This project was submitted 
to the Administration in the amount of $198,800. Bids were called 
for, and the successful bidder was the Camillo Profenno Company of 
Portland, with a bid of $134,141; the work to be started on Decem- 
ber 1, 1938 and to be completed before July 10, 1939. The Profenno 
Company immediately started construction on that day, and the work 
was completed well within the time specified. The total cost of the 
project was $142,692.03 and a Public Works Administration grant 
was received in the amount of $64,213.21. 

A recapitulation of these projects shows that the Portland Water 
District has completed three Public Works Administration Projects 
and has received grants from the United States Government as follows: 


Project One: Total cost $ 87,316.41 Grant received $ 35,066.41 
Project Two: Approximate total 600,000.00 Approximate grant 270,000.00 
Project Three: Total cost 142,692.03 Grant received 64,213.21 

Total costs $830,008.44 Total grants $369,279.62 


These figures show that the Portland Water District Trustees 
have been very active in taking advantage of governmental assistance 
in the construction of necessary water works projects. Regardless of 
our belief in the policy of the government or not, we have to admit 
that as we are of necessity doomed to pay taxes upon the money 
which has been expended, whether in our own state or other states, 
that we might as well have the benefit of it in our own community 
and our own state, as to allow the money to be expended elsewhere. 
We have not received any criticism from our water takers nor from 
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any of our citizens residing in the section supplied by the Portland 
Water District. In fact, most every comment has been of congratu- 
latory nature because we were able to foresee the advantage of con- 
structing under these conditions. 

Other projects, which have been constructed in the state include 
the following: 

In the Bath Water District, a difficult underwater job of subma- 
rine pipe line was done under a P.W.A. Project at an estimated cost of 
$130,000. 

In the Brunswick and Topsham Water District, water mains and 
a standpipe were constructed at an estimated cost of $150,000. 

In Hampden, a new system was installed under P.W.A. at a cost 
of $131,000. 

At North Haven, water works improvements were made to the 
amount of $6,000. 

In Sanford, the Sanford Water District constructed improve- 
ments estimated at a cost of $35,000, with water pipe up to 16 in. 
in diameter and of various sizes installed, and another project aggre- 
gating $26,300 in the same town. 

In Yarmouth, the Yarmouth Water District has installed 2700 ft. 
of 2-in. and 2,000 ft. of 10-in. pipe, as a P.W.A. Project, with a 
total contract of $12,770. 

In York, new main and standpipe construction total approxi- 
mately $115,000. 

These projects, together with the work done in Portland, aggre- 
gate $1,783,300. 

In addition, a water power development in the amount of 
$228,000 was installed at Lewiston making a grand total of $2,011,300. 

It must be noted that the installation of these projects, all of 
which received 45% grants upon the cost, made a very noteworthy 
saving in the cost of this water work construction. Comment from 
the engineers in charge has borne out my statement that from 25 to 
30% of the grant has been salvaged and that the governmental super- 
vision has not cost what it was estimated it would. It is well borne 
out that Public Works Administration assistance proved to be so 
valuable after investigation that many localities were desirous of 
receiving assistance and submitted projects which were received by 
the Administration too late to be allowed. 

The Portland Water District had submitted a project to supply 
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water to the towns of Sebago and Standish with a P.W.A. Project in 
the amount of $197,000, but due to some delays, for which we were 
not accountable, the request was received by the Administration too 
late and was denied. 

There were also applications for works at Anson, Lubec, Alfred, 
Lisbon Falls, Presque Isle, Readfield, Rumford, Norway, Kingman, 
Locke Mills, and Casco. These projects were all received after the 
time when the money was available, and the applications were forced 
to be turned down, for the reason that the money had been appor- 
tioned to other piaces. These projects have been retained by the 
Administration in their records, and the applicants have been assured 
that in the event of more money being apportioned to P.W.A., they 
will receive consideration. 











CORROSION CONTROL AT BIDDEFORD, ME. 


EXPERIENCES WITH CORROSION CONTROL AT 
BIDDEFORD, MAINE 


BY EDWIN T. McDOWELL* 
[Read May 23, 1940.] 


The new purification plant of the Biddeford & Saco Water Co. 
was completed and put in service early in 1937. Its operation in- 
cluded the usual processes of coagulation with alum, sedimentation, 
and rapid sand filtration. Sterilization was accomplished by the use 
of liquid chlorine and later, by ammonia also. A small amount of soda 
ash was used to counteract to some extent the low pH of the finished 
water produced by the action of the alum used in the coagulation 
process. 

In the old plant, which was abandoned in 1937, the same general 
procedure had been followed for a number of years, and a satis- 
factory water had been obtained, but this had been accomplished with 
difficulty because of the necessity of operating at a considerable over- 
load. When the new plant was put in service, a decided improvement 
was immediately noticed in the water throughout the distribution 
system. We were producing a colorless, odorless water with no 
turbidity; in fact from a physical and bacteriological standpoint it 
left little to be desired. Apparently everybody was satisfied and 
pleased with the change until shortly after Labor Day 1937. 

A considerable portion of our distribution system is used to supply 
local beaches and summer resorts. There is a very heavy demand for 
water during the summer months and a very small consumption, and 
consequently a slow circulation, during the winter. We had experi- 
enced some difficulty in these outlying sections during past winters due 
to colored water, but it had never been serious and was usually reme- 
died by occasional flushing. In September, 1937, however, when the 
summer visitors had departed and the water consumption had de- 
creased as usual, we began to receive complaints of colored water 
from people living in and near the summer resorts, and particularly 
from those who were served by some water mains that had been 





*Superintendent, Biddeford & Saco Water Co., Biddeford, Me. 
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cleaned about two years previously. In spite of frequent flushing, 
this condition persisted more or less all through the winter. During 
the following summer, when the consumption of water again increased, 
the color diminished and nearly disappeared; but in September, 1938, 
the unsatisfactory conditions returned in a more. aggravated form. 

It was apparent that the removal by the new filters of all the 
color and other impurities from the water had in some manner in- 
creased its corrosive activity, and we began experiments in search 
of some means to reduce this activity. The feeding of soda ash was 
stepped up and the pH of the filtered water gradually raised to about 
7.5. This brought about some improvement, but it was evident that 
the treatment could not be carried much further, as the amount of 
soda ash required would be large and costly. Aside from this, the 
addition of large amounts of soda ash imparted an unpleasant, medi- 
cinal taste to the water and this was soon noticed by consumers. 

It was decided therefore, to experiment with lime treatment in 
order to raise the pH to a still higher figure, and in October, 1938, 
this form of treatment was begun. We found lime to be much more 
efficient than soda ash for this purpose but also much more difficult 
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to control. Soda ash had a very uniform effect and, the variations 
in dosage always produced a corresponding change in the pH. Lime, 
however, had little effect up to a certain critical point, but as soon 
as this point was reached. the effect of additional lime was very pro- 
nounced and small increases or decreases brought about rather 
violent changes. The lime was applied to the filtered water just before 
it entered the clear well, and after a short period of experimentation 
during which rather wild results were produced, we succeeded in get- 
ting the treatment adjusted so that a very uniform water was obtained. 

Another difficulty was encountered here, however, due to the 
formation of a secondary floc or precipitate in the filtered water after 
the lime was added. An examination of the accompanying table in 
which are shown the characteristics of the water as it comes from 
the source of supply and the changes which take place in it during 
the several phases of the purification process, will show that the Saco 
River water is very low in natural alkalinity. Averaging about 7.7, 
and occasionally dropping as low as 5.0, it was very difficult at times 
to secure a good floc, especially in cold weather. It was evident that 
the reaction of the alum was incomplete and that the addition of 
alkalinity in the form of lime in the clear well completed this reaction 
and formed a secondary floc in the filtered water which was, of course, 
undesirable. 

Consequently, we decided to split the lime dosage and apply 
part of it at some point before the water reached the filters in order 
to complete the reaction and throw down the precipitate before the 
filtration process began. Subsequent experiments indicated that the 
location of the first application of lime was important. As a begin- 
ning, the lime was added to the raw water before the addition of alum. 
This improved the formation of the floc but had the effect of setting 
the color so that it was difficult to remove. The lime feeder was 
then moved to the outlet end of the coagulation basin so that lime 
was added after coagulation and settlement had taken place. As this 
did not prove satisfactory, the feeder was moved gradually back 
towards the inlet end of the basin with a noticeable improvement in 
coagulation. The best location was finally found to be near the outlet 
end of the baffle chambers where the mixing and agitation of the raw 
water and the alum solution is nearly completed and the primary floc 
is already formed. After the most advantageous location had been 
discovered, it required considerable time and experimentation to deter- 
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mine the proper amount of lime to use. We found that this was 
governed by no hard and fast rule and that the dosage had to be 
varied according to temperature, turbidity, color and other charac- 
teristics of the incoming water. As soon as the proper methods were 
arrived at and adjusted, however, the after-precipitation in the clear 
wells disappeared. 

We have always assumed that temperature had a considerable 
effect upon the efficiency of alum as a coagulant. We had been led 
to expect, and indeed had experienced difficulty in securing good 
coagulation when the temperature of the raw water approached the 
freezing point, but our experiments with lime treatment did not bear 
out this theory. Provided the proper dosage of alum and the correct 
ratic of alum to lime was maintained, it was possible to secure prac- 
tically as good a floc in the basin when the temperature of the water 
was 32° F. as when it was at its maximum during the summer months. 
But our experience demonstrated that the alum-lime ratio must be 
changed often to correspond with changes in the raw water and that 
a very close chemical control must be maintained. 

As soon as the difficulty with after-precipitation in the filtered 
water had been overcome, the application of lime in the clear well 
was again increased. During this time, samples were taken fre- 
quently at one of the locations where the red water troubles were 
particularly severe and compared with similar samples drawn from 
the tap at the filtration plant. During the early days of the experi- 
ment, when the pH of the filtered water was being gradually in- 
creased, the pH of the water in the area being studied lagged con- 
siderably behind that at the plant. As time passed, this difference 
slowly diminished and finally disappeared. During the past few 
months, the pH at the point of sampling has tended to exceed that 
at the purification plant. 

In order to demonstrate more clearly the effects of the lime 
treatment, the color, acidity and pH values at the point of sampling— 
which, incidentally, represent the extreme conditions which existed 
only at this location—have been plotted in the form of curves and 
these illustrate the changes that have taken place in the area under 
consideration over a period of 28 months. A study of the curves will 
reveal the close relationship that existed between these values, and 
it will be observed that changes in the pH and acidity were reflected 
in almost every instance by corresponding changes in the color. The 
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color curve remains roughly parallel to the acidity curve but the pH 
and color curve react in opposite directions. The zero line of the 
acidity curve has been drawn at pH 7.8 and it is interesting to note 
that the pH and acidity curves cross at about this point. Whenever 
the acidity curve rose above this zero line, high color usually appeared. 

Free carbon dioxide, as shown by the acidity curve, finally dis- 
appeared in April, 1939, and since that time the color has gradually 
diminished until it reached a very low figure in August. In Septem- 
ber, when our past experience led us to expect a violent change, the 
increase in color was only nominal. In November, the color had all 
but disappeared and has remained at a very low figure since that time. 
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TWO-INCH CAST-IRON PIPE. 


MODERN ENGINEERING PRACTICE AND TWO-INCH 
CAST-IRON PRESSURE PIPE 


BY C. D.'COX* 


[Read May 23, 1940.] 


Each year the use of small-diameter cast-iron pipe is becoming 
more and more popular among water works distribution men. During 
the year 1939, more than 4,000,000 ft. of 2-in. cast-iron pipe was 
sold and installed in water systems throughout the country; whereas, 
10 years ago the yearly sale of this kind of pipe for all purposes 
amounted to less than 700,000 ft. There are many reasons for this 
increasing use; chiefly, they are the unsatisfactory experience of 
water works engineers with non-corrosion-resisting metal and weak- 
composition piping, mounting maintenance costs on small lines, and 
the desire to standardize on all essential materials. Cast-iron dis- 
tribution pipe in the larger sizes has been standard material in Ameri- 
can water works systems for well over a hundred years. With 
improvements in joints and manufacturing methods, it has been made 
practicable to use 2-in. cast-iron mains. The same sound practice of 
water works engineers, in using cast-iron pipe for large main dis- 
tribution, holds equally true for 2-in. pipe. It is good economy and 
engineering practice. 

A great many water works systems, both municipal and pri- 
vately owned, serving cities up to half a million: population, have 
15% to 25% of 2-in. pipe in their total distribution pipe mileage. 
The largest percentage of this pipe is of non-corrosion-resisting metal, 
which results in top-heavy maintenance costs and constant replace- 
ments. Yearly renewals of 4-in. and larger cast-iron mains are un- 
heard of. The use of 2-in. cast-iron mains, instead cf inexpensive 
substitute materials, greatly reduces maintenance and renewal costs 
on small mains. 

It is conceded that 2-in. pipe is inadequate for fire-protection 
service, but by adoption of the duplicate-main system and tie-ins be- 
tween blocks in outlying residential areas, the fire-protection problem 
can be taken care of with the installation of fire plugs on 6-in. and 





*McWane Cast Iron Pipe Company, Birmingham, Ala. 
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larger mains on the principal streets. The domestic consumers on 
the 2-in. line can still enjoy fire-protection service and low insurance 
rates and comply with the Fire Underwriters regulations in not being 
more than 500 ft. distant from a fire hydrant. Experience has shown 
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that a 2-in. main will satisfactorily serve from 10 to 12 domestic 
consumers on a line 1,000 to 1,200 ft. long. The quality of this 
service is tremendously enhanced in planned suburban sections, where 
blocks run from 400 to 600 ft., and in some rare cases to 800 ft. in 
length when the small mains are tied into the large feeder mains at 
street intersections. This practice of tie-in, or gridironing, gives con- 
stant circulation and improves volume and pressure conditions as well. 

There is a mistaken impression among many water works engi- 
neers that the duplicate-main system in suburban areas is an ex- 
pensive luxury. An analysis of cost figures in almost any city will 
definitely prove the economy as well as the many advantages of the 
two-main system, using 6-in. and larger cast-iron mains on one side 
of the street and a 2-in. cast-iron main on the opposite side of the 
street, in the park area between sidewalk and curbing, where prac- 
tical. As a matter of fact, the saving in a two-main system is largely 











effected by the elimination of 75% of the service-pipe footage. The 
: following comparison of cost figures on one-main and two-main sys- 
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| tems are conservative. The figures are based on two 600-ft. blocks; 
: streets 50 ft. in width, with concrete or concrete base and bitumastic 
top-dressing pavement; 50-ft. lots; and 60 ft. from lot line to lot line. 


EsTIMATED Cost 
One-Main System 
1250 ft.—6 in. C.I. B&S Pipe 


Installed @ $1.50 per ft... $1,875.00 
48—34-in. copper _ service 
lines 30 ft. long. Installed 
@ 40c per ft. including 
curb cock and box and cor- 
poration cock @ $18.50 
nn! CRG Ra RUE ele om eR $888.00 
48—Service trenches of 25 
ft., cutting and replacing 
paving @ $4.50 per sq. yd. 
(@ $6;30 seach. 3 <6.5.55. $302.40 
RORAT aaoee Nes agate $3,065.40 


EsTIMATED Cost 
Two-Main System 
1250 ft.—6-in. C.I. B&S Pipe 
Installed @ $1.50 per ft... $1,875.00 
1350 ft.—2-in. C.I. B&S Pipe 
Installed @ 50c ft. ...... $675.00 
48—34-in. copper service 
lines; 5 ft. long, installed 
@ 40c per ft. including 
curb cock and box and cor- 
poration cock @ $8.50 each $408.00 
150 ft.—2-in. cross street cut, 
ting, replacing paving @ 


$4.50) persd. VES Gee ys $37.50 
4—2-in. valves ........... $38.00 
2—6x6x2-in. tees .......... $16.00 
2—2x2x2-in. tees .......... $4.50 
OPAL = 6 sr, Osta cwmons $3,054.00 


It will be noted that these costs are comparable for the one-main 
and two-main systems. In addition, the two-main system presents the 
following outstanding advantages over the one-main system: 


1. It does away with a great majority of all trenches, ridges and other irregu- 
larities which mar paved streets and cause danger and discomfort to 


motorists. 


2. It eliminates many traffic tie-ups, interruptions, and detours due to laying, 
extending, replacing or repairing water mains under paved streets. 

3. It saves money for property owners; not only before streets are laid, but 
afterwards, for it lowers taxes made necessary by street repairs caused by 


pipe operations. 


SOOO ON 


— 


due to traffic. 


It eliminates the money wasted by installing unused service connections. 
It gives additional main capacity. 
It usually offers a lower first cost except in the case of very narrow streets. 
It guarantees a lower maintenance cost in every case. 

It prevents delay in paving due to waiting for trenches to settle. 

It insures better fire protection. 
It minimizes the hazard of damage to mains from electrolysis and vibration 
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Where the suburban area is laid out with parallel principal 
thoroughfares, not more than 600 ft. apart, an even greater saving 
can be effected by piping the secondary streets between thorough- 
fares with 2-in. cast-iron mains on both sides of the street. In spite 
of the evident economies of the two-main system for suburban sec- 
tions, we sometimes hear water works men say that even so, 2-in pipe 
is still too small for distribution mains. The most effective way to 
overcome an argument of this kind is with facts. Assuming that a 
6-in. main on one side of the street is operating under a pressure 
of 60 lb. per sq. in., that the street width is 50 ft., that the block 
is 600 ft. long; and that using a 2-in. main on the opposite side of 
the street with tie-ins at each intersection would require 700 ft. of 
pipe. This line would feed from both ends. Assuming that the 2-in. 
line supplies eight domestic consumers, it may readily be shown by 
the use of a simple formula in hydraulics, that each consumer would 
have available at least 30 g.p.m. of water, even if all eight consumers 
were using water at the same time. This is certainly an adequate 
domestic supply. 

Now that the serviceability of a 2-in. pipe is proven for domestic 
water distribution, the selection of material is most important. It is 
certainly not necessary to make out a case for cast-iron pipe, as this 
was done many generations ago. The development of cast-iron pipe 
for water began in the 15th century, and 2-in. pipe was among the 
early sizes manufactured. So, there is nothing radically new in the 
use of this pipe. What is new, however, is modern manufacturing 
methods involving iron and sand control, mechanical equipment, and 
straight-line, continuous production. This has greatly reduced the 
cost and improved the quality and strength of 2-in. cast-iron pipe. 

Innovations developed in recent years have increased the use 
and availability of 2-in. cast-iron pipe, so that today it comes within 
the budget requirements of any water works distribution plant. A 
complete line of small fittings and reducing fittings is now obtainable. 
Tees and crosses reducing on the outlet, such as 6 in. by 2 in. and 8 
in. by 2 in. tees, make it a simple matter to connect 2-in. cast-iron 
pipes to existing mains, and also facilitate their installation in new 
suburban sections along with larger diameter pipe. Two-inch cast- 
iron pipe is now cast in 9-ft. lengths; whereas, formerly it was only 
possible to obtain this size in 5- and 6-ft. lengths. Each 9-ft. length 
is equipped with two tapping collars, which simplifies making service 
connections to the small main. By using these collars, 2-in. cast-iron 
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pipe can be tapped under pressure with a standard Mueller Type B 
tapping machine. This is not possible with other piping without the 
use of clamps. 

Among the most outstanding features in the development of 2-in. 
cast-iron pipe is the improvement and perfection of joints. The 
water works engineer has a wide selection of joints, depending upon 
local conditions and individual preference. The bell and spigot joint 
is the same as that on large-diameter pipe and can be made up during 
construction with hot lead or a sulphur compound. The factory-made, 
prepared joints are the improved precalked joints, made with lead 
and California Redwood tongue-and-grooved wedges. As a joint- 
packing material, the Redwood wedges are far superior to water main 
jute or oakum, because the Redwood will not rot and disintegrate. 
The Glantite mechanical, rubber-ring joint is made with a rubber 
gasket upon which pressure is applied by means of a heavy gland 
that screws into the bell of the pipe; the gasket being firmly com- 
pressed against the inner bell gasket seat and the spigot end of the 
pipe. The Male & Female Threaded Joint is made by putting an 
oversize 214-in. female thread in the pipe bell, and a 214-in. male 
thread on the spigot end of the pipe. The pipe is equipped with 
hex wrench grips behind the pipe bell and on the spigot end just 
ahead of the male thread. All four of these joints are successfully 
used in water works distribution systems. 

Two-in. cast-iron pipe is usually shipped in 18-ft. lengths. This 
length is made up at the foundry by screwing together two 9-ft. 
lengths, with an oversize 2!4-in. male and female thread. The as- 
sembled 18-ft. length is air tested under a pressure of 90 Ib. per sq. 
in., while the pipe is submerged in water. The high tensile, trans- 
verse, and beam strength. or ability to bend, is best illustrated in the 
accompanying picture of a 2-in. cast-iron pipe line 108 ft. long. This 
line is made up of 2%-in. male and female threaded rigid joints at 
9-ft. intervals and shows a deflection of 15 ft. in the center. 

In addition to the mechanical and structural features just cited, 
it is well to point out that 2-in. cast-iron pipe, due to its long life 
and small yearly depreciation percentage, strengthens the capital 
structure of a water plant. In the case of private utilities, this is an 
important consideration, as it gives them a rate-making advantage 
which they would not enjoy with short-lived non-corrosion-resisting 
metal and weak-composition pipe. The importance of this is evident 
in a system that counts 15% to 25% of its total distribution pipe 
mileage in the 2-in. size. 


















INDEX TO THE TRANSACTIONS AND JOURNAL OF THE 
NEW ENGLAND WATER WORKS ASSOCIATION, 
1882 TO 1939. 


TRANSACTIONS, 1883 To 1885, JOURNAL, VoLUMEs I To LIII, 


1886 To 1939. 


Within a year of its formation in 1882, the New England Water 
Works Association issued an official publication. For the years 1883, 
1884 and 1885 it published its Transactions, a volume for each year. 
The JouRNAL was established in 1886. The quarterly issues of the 
first two volumes were paged separately, but beginning with Volume 
III the paging was made consecutive within each volume. Volumes I 
to XV began with the September issue. In order to conform to the 
calendar year, later volumes were made to begin with the March issue, 
Volume XV (1900-1901) containing six issues to permit this change. 

The first comprehensive Index to the Transactions and JouRNAL 
of the Association was issued in 1904, the second in 1916, the third 
in 1931. The present Index is the fourth to be compiled and carries 
through Volume LIII, 1939; it forms part of the September Jour- 
NAL, LIV, 1940. 

The Index comprises three sections: a Subject Index, an Author 
Index and an Index to Affairs of the Association. The great expansion 
of the JouRNAL with time has made it necessary to forego reference 
te detailed subject matter found within papers but covered by a more 
comprehensive title. It has required, furthermore, that cross- 
referencing be limited to topics rather than papers. 

The Subject Index contains a classification of papers, topical dis- 
cussions, and reports of technical committees of the Association. The 
titles to these are given substantially as printed in the JouRNAL. A 
small group of papers not related to water-works matters is classified 
under “Miscellaneous.” 

The Author Index lists all papers published over an author’s 
name, lengthy titles being abridged and obscure titles being reworded. 

Under Association Affairs are classified biographical notices and 
portraits, non-technical committee reports and matters of general in- 
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terest to the Association. Proceedings of meetings including reports of 
officers and standing non-technical committees are not indexed since 
they appear regularly in each volume. Presidential addresses, like- 
wise, are not indexed unless they are confined to a specific technical 
subject. In that case they appear in the Subject and Author Indexes. 

Throughout the Index the volume of the JouRNAL appears in 
small Roman numerals, the page in larger Arabic numerals and the 
year in Arabic numerals within parentheses. The page number indicates 
the first page of the article. The three volumes of Transactions are 
identified by including the abbreviation “Trans.” in the parentheses 
enclosing the year of publication. The separately paged quarterly 
issues of Volumes I and II are identified by interpolating the month 
of issue between the volume number and page number. In the Subject 
Index the topic is printed in bold-faced type and the author’s name is 
given in parentheses. Discussions of papers are not indicated 
separately as they are more or less regular in occurrence. In the Au- 
thor Index the author’s name appears in bold-faced type above the 
titles of his papers. The subject matter of the Index to Association 


Affairs is printed in bold-faced type. 
GORDON M. FAIR, 
Editor. 


Cambridge, Mass. 
August 31, 1940. 
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Larger cities of the United States. xv 

351 (1900-01). 

Safe ratio of pumping capacity to maxi- 
mum consumption. (W. B. Sherman.) iii 
90, 104 (1888-89). 

Water consumption. (C. W. 
xxxvi 273 (1922). 

Water consumption: 

Boston, Mass., Metropolitan. 
Brackett.) xviii 107 (1904). 
Milton, Mass. (D. A. Heffernan.) 

290 (1914). 

Water-consumption statistics (W. B. Sher- 
man.) 11 March 35 (1887-88); (Committee 
report.) xv 352 (1900-01); xviii 115 (1904); 
aaa 112 (1907); xxv 66 (1911): xxvii 29 
191 


Sherman.) 


(Dexter 


xxviii 


(E. S. Cole.) xxv 66 (1911) 
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Water for a4 conditioning. (W. H. Sears.) 
lii 452 (19 


Water uses dificult to gontyst, (W. F. Sul- 


livan.) xxviii 377 (1914). 
See see STATISTICS, SUPPLY and 


WAST 
CONTROL ‘OF WATER, SEALE. 


P EALTH. See HEALTH. 
COPPER PIPE. See PIPE (SERVICE). 
COPPER SULPHATE TREATMENT. 

See TREATMENT. 
Cone ae COCKS. 
See E (SERVICE 
CORROSION AND ELECTROLYSIS. 
Action of water on materials for service 
pipes. (F. W. Gilcreas.) xlix 170 (1935). 
Action of water on metal. (D. A. Heffer- 
nan.) xxxv 123 (1921). 
Action of water =. pee. 
Jr.) xxii 43 (190 
Cathodic sieeitcua (A.V. 
38). 
Chemical dosages for 


(Freeland Howe, 
Smith.) lii 233 


corrosion prevention. 


(E. W. Moore.) lii 311 (1938); erratum 
lii 466 (1938). 

Coolgardie pipe line, Australia, and _ cor- 
rection of corrosion. *, F. Longley.) 
xxxix 421 (1925). 

Corrosion and its peerentien. (F. N. Spel- 


ler.) lii 228 (193 

Corrosion in water- seule cuguncering. (F. 
N. Speller.) xxxix 90 (19 

Corrosion of brass in sas al (E. W. 
Moore.) xlviii 47 (1934). 

Corrosion of iron and steel pipes and stand- 
pipes. (Committee report.) xliii 358 (1929). 

Co1rosion of 36-in. steel force main, Akron, 
O. (G. G. Dixon.) xxxvi 157 (1922). 

Corrosion problem. (H. C. Chandler.) xlviii 
345 (1934). 


Corrosion problem in Cambridge, Mass. 
(M. C. Whipple.) li 376 (1937). 

Corrosive action of water on metals. (R. S. 
Weston.) xxiv 559 (1910). 

Dissolved oxygen and corrosion. (F. W. 
Gilcreas.) li 380 (1937). 

Electric grounding on water pipes. (J. O. 
R. Coleman.) li 277 (1937). 

Electrical grounds on water pipes. (H. S. 
Warren.) xl viii 350 (1934). 

Electrolysis of pipes, To Mass. CF. C. 
Haskell.) x_ 278 *(1895-96 


Electrolysis of steel force ‘main, Seem oO. 
V. B. Phillips.) XXXVi 170 (192 
Electrolysis of water pipes. (C. iL Morse.) 
vii 139 (1892-93); (C. A. Stone and_H. C 
Forbes.) ix 25 (1894-95); (H. S. Storrs.) 
x 33 (1895-96); (E. E. Brownell.) xiv 363 
(1899-1900); (F. A. W. Davis.) xv 225 
(1900-01) ; (A. A. Knudson.) xv 244 (1900- 
01); (Discussion.) xx 34 (1906); (E. B. 
Rosa.) xxix 49 (1915); (A. F. Ganz.) xxxi 
ro ial (C. F. Meyerherm.) xliii 143 


Experiments and corrosion control, Newton, 
Mass. (F. W. Gilcreas.) xlviii 104 (1934). 

Filling of service pipes by sediment of 
= (Discussion.) Viii 105 

Grounding _electric-light wires on water 
pipes. (F. E. Merrill.) xxiii 180 (1909). 

Lead-covered cables a cause of electrolysis 
of water and gas pipes. (A. A. Knudson.) 
xxiii 164 (1909). 

Monel metal for water-works uses. (H. S. 
Arnold.) xxxvi 86 (1922). 














Neutralization of corrosive action. (R. S. 
Weston.) li 384 (1937). 

Prevention of red-water plague. (W. H. 
Walker.) xxxiv 33 (1920). 


Relative corrosion and constitution of iron 


and steel pipe. (W. H. Walker.) xxvi 7 
(1912). 

Soil-corrosion effects upon piping. Tests of 
U. S. Bureau of Standards. (J. D. Ca- 
pron.) xli 81 (1927). 

Soil corrosion report. (H. W. Clark.) xlix 
110 (1935). 

Supplying less corrosive soft water. (Mal- 
colm Pirnie.) xlix 419 (1935). 

Summary of corrosion experiments. (H. W. 


Clark.) iii, 197 (1939). 

Tubercles in iron and steel penstocks. (R. 
A. Hale.) x 244 (1895-96). 
Tuberculation and deterioration of water 
pipes, Belmont, Mass. (C. W. Sherman.) 
xviii 300 (1934). 
Tuberculafion of cast- Cay (Cc. W. 
Sherman.) xlii 259 (19 

Tuberculation of mains as or by bac- 
teria. (H. G. Reddick and S. E. Linder- 
man.) xlvi 146 (1932). 

See also PIPES, QUALITY and STAND- 
PIPES. 


CROSS-CONNECTIONS. 
See DISTRIBUTION and PLUMBING. 
CURB BOXES. See PIPE (SERVICE). 


DAMAGES. 

Adjustment of diversion damages by storage 
en (R. E. Horton.) xxii 334 
(190; 

Proms 5 for water and water-power diver- 
sion. (Committee report.) xxiv 1 (1910). 

Compensating reservoirs and diversion of 
water. (C. M. Saville.) xl 352 (1926). 

Damages by diversion of water power. 
(Clemens Herschel.) xxi 241 (1907). 

Damages to mill powers, Troy, N. ¥.. €W. 
G. Raymond.) xiii 152 (1898-99). 

Diversion of interstate waters for domestic 
water supply. Connecticut vs. Massachu- 
setts. (F. E. Winsor.) xlv 267 (1931). 

Loss of water power by diversion. (L. 
Hastings.) vii 187 (1892-93). 

Payment for relocation of water mains. (E. 
A. Merrithew.) 1lii 90 (1938). 

Real estate and damage settlements, Scitu- 
ate Reservoir, Providence, R. FR. 
Craig.) xl 503 (1926). 

Values of water powers and ar a Sanced 
by the diversion of waters. (C. T. Main. 
xxi 214 (1907) 

See also LAWS. 

DAMS 


pipe. 


dam, Las Vegas, N. M. 
W. T. Barnes.) xxvi 356 (1912). 

Cobble Mountain dam, Springfield, Mass. 
(H. H. Hatch.) xlIvi 327 (1932). 


Arched masonry 


Construction and_ failure of Austin, Pa., 
dam. C. Hatton.) xxvi 262 (1912). 

Construction of dams. (A. Walden.) 
xxviii 268 (1914). 

Core wall, Wanaque Dam, N. J. (A. H. 
Pratt.) xxxvi 457 (1922). 

Dam at Quincy, Mass. (L. A. Taylor.) iii 
167 (1888-89). 

Dams in Japan. (Allen Hazen.) Ixiv 451 
(1930). 

Design of Bills Brook Dam, Barkhamsted 
— (William Dorenbaum.) 1 302 
1936 


of diversion conduit and waste 


Design 


SUBJECT INDEX. 





303 


works, Richards Corner Dam, New Hart- 


ford, Conn. (R. E. Wise.) xxxi 595 (1917). 
Echo Lake Dam, Milford, Mass. (Leonard 
Metcalf.) xvii 146 (1903). ‘ 
Engineering construction by n. United 
States Reclamation Service. (M. O. Leigh- 

ton.) xx 127 (1906). 

Granville Dam, Westfield, Mass.: 
Construction. (E. B. Myott.) xliii 175 
Design. (C. A. Farwell.) xliii 164 (1929). 


ay studies. (Charles Terzaghi.) xliii 191 

1929). 

Grouting and preparing foundation of Scitu- 
ate Dam, Providence, QV. V. Tur- 
ner.) xl 517 (1926). 

Grouting rock foundations, Hartford, Conn., 


dams. (J. E. Garratt.) xxxi 609 (1917). 
Hollow concrete dams. (C. H. Eglee.) xxii 
20 (1908). £ 
Hydraulic-fill dams. (H. H. Hatch.)  lii 
364 (1938); erratum liii 238 (1939). 
Hydraulic fill dams, Miami Conservancy 
District, O. (H. S. R. McCurdy.) xxxiii 
389 (1919). 
Nepaug Dam, Hartford, Conn. (H. W. 
Griswold.) xxxi 603 (1917). 


New Haven Water Company’s dam, Wood- 
bridge, Conn. (L. Taylor.) vi 51 
(1891-92). 

New Sand Wash Brook Dam and Reser- 
voir, Pittsfield, Mass. (S. M. Ellsworth.) 
lii 190 (1938). 

Pkelps Brook Dam, Hartford, aa GJ. F. 
Shaughnessy.) xxxii 39 (1918). 

Rebuilding No-Town reservoir dam (W. G. 


Classon.) xlv 178 (1931). 
Sand-embankmert dam, Chicopee, Mass. 
(M. G. Mansfield.) xli 244 (1927). 
Scituate Dam, Providence, R. I. (F. B. 
Marsh.) xl 477 (1926.) 
Seepage through dams. (Arthur Casa- 
grande.) li 131 (1937). 


State control of design and construction of 
dams and reservoirs. (C. E. Chandler.) 
xxvi 173 (1912). 

State supervision of dams and reservoirs. 
(F. P. McKibben.) xxvi 242 (1912). 

Temporary dam of wood and sandbags, New 
Bedford, Mass. (R. C Coggeshall.) 
iii 200 (1888-89). 

Woonsocket reservoir and dam, eee, 
R. I. (B. I. Cook.) xii 20 (1897-98 

See also RESERVOIRS (IMPOUNDING). 

DEFERRIZATION AND DEMANGANIZA- 


TION. 

fee TREATMENT (IRON REMOVAL). 
DEPRECIATION. 

See ACCOUNTS and VALUATION. 
DEPTH OF PIPE LAYING. See PIPE, 
DIESEL ENGINES. See PUMPING. 

DIKES. See DAMS and — 
DISCHARGE MEASUREMENT. 

See HYDRAULICS. 

DISEASES, WATER-BORNE. See HEALTH. 
DISINFECTION 

See TREATMENT (DISINFECTION). 
DISTRIBUTION. 

Construction layouts and location of gates. 

(S. H. MacKenzie.) xlvi 143 (1932). 


Cost of distribution systems. (W. A 
Brush.) liii 278 (1939). 

Cross-connection regulations. (C. W. Mow- 
ry.) xlix 66 (1935). 

Cross-connection surveys. (W. J. Scott.) 


xlix 354 (1935). 
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Cross-connections. (Committee report.) xlii 
191, 461 (1928); xliii 79 (1929 
Cross- connections in Connecticut. (WwW. J. 
Scott.) xli 365 (1927). : 
Design of distribution systems. (G. S. Wil- 
liams.) xiv 97 (1899-1900); (V. B. Siems 
and D. B. Biser.) xiii 284 (1929). 
Distribution and maintenance, ica 
R. I. (S. F. Nolan.) mon 
Distribution problems. (F. B. gs | 
xliii 133 (1929 
Distribution system 
Hartford, Conn. (Frank Brainard.) xxxi 
581 (1917). 
Malden, Mass. (S. M. Allis.) v 164 (1890- 
91). 


Metropolitan water district (Boston). (E. 
C. Hultman.) lii 151 (1938). 

Distribution system problems, New Haven, 
Conn. (E. E. Minor.) 1 274 (1936). 

Distribution system aaa Gg. 
Sweeney.) lii 318 (1938) i 

Dual system of water mains. (D. M. Sulli- 
van.) lii 78 (1938). 

Experiences in ghey Cons. (C.-K. 
Saville.) xxx 195 (1916 

High-service system, a London, Conn. 
W. H. Richards.) vii 148 (1892-93). 

Hydrant reg ag and control of dual 
mains. (A. Ballou.) lii 81 (1938). 

Hydrant bonntbows and flowage tests, Port- 
land, Me. (L. R. Smith.) xlvii 107 (1933). 

Operation of eet water distribution 
system. all.) xlvii 216 (1933). 

Some iy that should be done in_con- 
structing water works. (W. R. Hill.) 
xiii 36 (1898-99). 

Study and extension of distribution systems. 
(L. C. Hough.) xli 14 (1927). 

Testing. distribution systems. (F. L. Ful- 
ler.) xi 330 (1896-97). 

See also FIRES, GATES, HYDRANTS, 
HYDRAULICS, MANAGEMENT, PIPE 
and SUPPLY. 

DIVERSION OF WATER. 

See DAMAGES and LAWS. 
DIVERSION CONDU et. 

See DAMS and RESERVOIRS. 
DRINKING FOUNT SINS. See aaa 
DROUGHTS. See HYDROLOGY 
DUTY. See PUMPING. 

DYSENTERY. See HEALTH. 


EARTH DAMS. See DAMS. 
ae ong ptt 
AMS and RESERVOIRS. 

ELECTROLYSIS. See CORROSION. 
ELEVATED TANKS. See STANDPIPES. 
ELEVATION GAGES. See GAGES. 
EMERGENCY SUPPLY. See SUPPLY. 
ENGINES. See PUMPING. 
pa a WATER-BORNE. See HEALTH. 

EQUIP ENT. See MATERIALS. 
EROSION 

See GEOLOGY and WATERSHEDS. 
EVAPORATION. See HYDROLOGY. 
EXCAVATION AND BACKFILLING. 

Are trenching machines worth considering in 
excavating trenches in city streets? 
(Discussion.) xxviii 76 (1914). 

Back- —- trenches. . A. W. Hammatt.) 
xii 160 (1897-98); (E. H. Gowing.) xii 173 
T1007 By 

Excavating ~ ieee (A. F. Noyes.) 
iv 218 (1889 

Experiences ith a trenching machine, Wor- 





cester, Mass. (G. W. Batchelder.) xxxi 
486 (1917); xxxiv 315 (1920). 

Macadam road_ thawed a steam. (E. B. 
Weston.) xiii 90 (1898-99 < 
Portable platform to my in excavating 

trenches. (R. C. P. Coggeshall.) ix 125 
(1894-95). 
Querand nature, behavior and control. 
(C. R. Gow.) xxxiv 171 (1920) 
Water-pipe trenches vs. good aa. (W. E. 
McClintock.) viii 71 (1893-94). 
See also PE 
EXPENSES. See MANAGEMENT. 
EXPERIENCES, GENERAL 
See MANAGEMENT and SUPPLY. 
EXTENSION OF PIPES, 
See DISTR RIBUTION, MANAGEMENT, 
PIPE and RATES. 


FENCING WATERSHEDS. 

FILTER SAND. See TREATMENT. 
FILTRATION. See TREATMENT. 

a See MANAGEMENT and 


Ss 
FIRES AND FIRE PREVENTION AND 

PROTECTION. 

Arrangement of hydrants and water pres 
for protection of a city against fire. (J. R 
Freeman.) vii 49, 152 (1892-93). 

Automatic sprinkler regulations. xv 103 
(1900-01). 

Automatic sprinkler systems. (H. E. Hal- 
pin.) 1 255 (1936). 

Desirable pressure at hydrants. (E. V. 
French.) xxv 247 (1911). 

Eliminating the ——ae hazard. (E. 
U. Crosby) xv 97 (1900-01) 

Experiments and practical ‘tables relating to 
fire streams. (J. R. Freeman.) iv 95 
(1889-90). 

Field-engineering service of National Fire 
Protection Association. (F. H. Went- 
worth.) xli 428 (1927). 

Fighting fires beforehand. (C. W. Mowry.) 
xli 413 (1927). 

Fire in office and shop of Fairhaven Water 
Company. (H,. T. Gidley.) xl 29 (1926). 
Fire protection by direct high-pressure from 
pumps. (G. A. Ellis.) vii 27 (1892-93). 
Fire gong ™  itamtaaten (G. W. Booth.) 

xlvii 190 (193 

Fire protection toe manufacturing establish- 
ments. (Discussion.) vii 176 (1892-93). 

Grading water works with reference to fire 
protection. (Committee report.) xxx 513 
(1916); xxxi 6 (1917); xxxiii 372 (1919). 

Handling , while changing distribution 
mains, (G. Chace.) x 230 (1895-96). 

High-pressure oR systems: 

. (L. Van Gilder.) 


Atlantic City, . 
xxxiv 146 (1920). 

Boston, Mass. (F. A. McInnes.) xxxvi 483 
(1922); (E. E. Williamson.) xli 194 
(1927). 

Providence, R. I. (E. B. Weston.) xiii 
85 (1898-99). 

High- -pressure fire arene from the under- 
writer’s viewpoint. (G. W. Booth.) xxxvi 
495 (1922). 

Insurance rates and the water service. (F. 

Barbour.) xxii 322 (1908). 

Loss of pricey caused by meters in fire 

supplies. (E. V. French.) xii 73 (1897-98). 


Motor pumpers. “(G. W. Booth.) lii 461 
(1938). 


Nashua fire, May 4, 1930. (W. F. Sullivan.) 
xlvi 204, 252 (1932). 











(Committee report. ) 


Private fire proeecien- 
906) 425 (1903); xviii 


xvi 290, 315 (1902); 
198 (1904); xx 17 (1906 

Private fire protection and insurance rules. 
(Gorham Dana.) xxii 465 (1908 

Reasonable requirements for fire ‘protection 
imposed upon water-works systems. (Clar- 
ence Goldsmith.) xxvi 305 (1912). 

Recommendations of National Board of Fire 
Underwriters for improvements in fire de- 
partment and water supply, Manchester, 
N. H. xix 115 (1905). 

Relation of water-works engineers to fire 
service of factories. (Edward Atkinson.) 
xvii 58 (1903). 

Required fire flows. (P. C. Charnock.) 1 
249 (1936). 

Salem fire. (F. A. McInnes and Clarence 
Goldsmith.) xxix 94 (1915). 

Salt-water fire system, Boston, Mass. (F. 
A. McInnes.) xiii 304 (1898-99). 

Standard schedule for grading cities and 
towns with reference to fire defenses and 
physical conditions. (J. S. Caldwell.) 
xxxv 1 (1921) 

Tests of capacity of steam fire-engines, hy- 
drants, and hose, Boston, Mass. (Dexter 
Brackett.) ix 151 (1894-95). 

Tests of fire-service devices, Lowell, Mass. 
(W. F. Sullivan.) xix 264 (1905). 

Use and discard of auxiliary fire protection 
from a polluted source. (C. M. Saville.) 
xxxvi 392 (1922). 


Water and fire department contacts. (P. C. 
Charnock.) liii 337 (1939 
Water consumption during fires. (C. W. 


Mowry). xlvi 93 (1932) 

Water service and fire pretection 2 theatres. 
(W. P. Gerhard.) ix 77 (1894 

Water supply at Boston fire, Nov, 3 1889. 
(Dexter Brackett.) iv i. "(1889 

Water supply at fires. (J. C kell.) vii 
47 (1892-93). 

Weight of main pipe for fire supply. (Dis- 
cussion.) v 18 (1890-91). 

What a water-supply engineer can do in the 


ON ara (J. E. Tryon.) ix 93 
See also ACCOUNTING, DISTRIBUTION, 
H HYDRANTS, METERS and 
RATES 
FISH. 
Eels in water works and their control, (G 
W. Field.) xv 390 (1900-01). 


See also QUALITY. 
FLANGES. See PIPE and SPECIFICATIONS. 
FLIES. See HEALTH. 
FLOODS. 
Flood of March, 1936, Massachusetts. (A. 
D. Weston.) li 90 90 (1 937). 
Flood of March, 1936, nom York State. (A. 
. Dappert.) li 69 (1937). 
Flood of March, 1936, pagnerionnia. (W. 
L. Stevenson.) li 80 (19 37). 
New York State flood, 1935. (A. F. Dap- 
pert.) xlix 376 (193 5). 
Ohio River flood of 1936. (F. H. Waring.) 
li 103 (1937). 
See oy ouat OLOGY. 
FLOW OF WATER. See RSPR A EEA. 


FLUSHING. See PIPE CLEANIN 

FORESTATION. See WATE 

eeetuue See DAMS, 
OUNTAIN 

"Drinking Dhintatei. 


(1890: 


RSHEDS. 


(W. L. Faxon.) v 111 
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Public watering stations. (F. E. Merrill.) 
xxviii 357 (1914). 
ia See HYDRANTS, ICE and 
FRICTION LOSSES. See HYDRAULICS. 
FROST PROTECTION. 
See HYDRANTS, ICE and PIPE. 
FUEL. See PUMPING. 


GAGES. 

Air in pressure gages. 
ix 248 (1894-95). 
High-water alarm for reservoirs. (W. P. 
Whittemore.) iii 21 (1888-89). 

a ies gages. (J. A. Gould.) v 65 (1890- 


(F. G. Perry.) 


(G. E. Winslow.) 


Recording pressure gages. 
x 255 (1895-96). 
GATES AND VALVES. 
Care of gates and hydrants. 
xxviii 298 (1914). 
Double check valve maintenance. 
A. Almquist.) lii 379 (1938). 
Effect of small pn or valve in larger pipe 
line. (T. E. Lally.) xxxiv 302 (1920). 


(Patrick Gear.) 
(F. O. 


Electrically- operated gates. (Discussion.) 
xxxvii 101 (1923 

Electrically-operated valves and distant 
RoC ae (Alfred Williamson.) xxix 507 

915 

Electrification of gate valves. (Payne Dean.) 
xxxvi 264 (1922). 

Experience with a 30-in. gate. (H. S. 


iv 212 (1889-90). 
74 (Trans. 1885). 
(T. E. Lally.) 


Nevons.) 
Gate plan. 
Gates and hydrants. 

395 (1935). 
Inspection and maintenance of gate valves. 

(Cc, Mowry.)  xlvii 111 (1933). 
(Discussion.) iii 13 (1888- 


xlix 


Locating gates. 
89 


Maintenance of gate hye Boston. (G. H. 
Finneran.) xlvii 115 (193. 

Manganese bronze for pe stems. (W. R. 
Conard.) xxvi 32 (1922). 

Packing gates. (Discussion.) 92 (Trans. 
1885), i Sept. 71 (1886). 


Reasons for adopting solid-wedge valve, 


a Mass. (G. H. Finneran.) xxx 101 

(1916 

Reasons for using yo disk valve. (J. M. 
Diven.) xxx 1 916). 


Relief or safety nol coves in distribution sys- 
tems. (S. E. Babcock.) iii 57 (1888-89). 
Water- “orecenre regulators. (A. O. Doane.) 

xx 1 (1906 
See also PIPE and SPECIFICATIONS. 
GEOLOGY 

Erosion on the Pacific slope. (S. M. Allis.) 
iii 158 (1888-89). 

Geologic features in ground water supply, 
New England. (Kirk Bryan.) 1 222 
(1936) 

Geology and Fi water supplies in New 
England. B. Crosby.) xlvii 74 (1933). 

See also “GROUND WATER and WATER- 


SHED 
GREAT PONDS. See SUPPLY. 
GROUND WATER. 

Additional ground water supply, Woburn, 
Mass. (J. P. Wentworth.) li 430 (1937). 

Artesian well experiment, Taunton, Mass. 
(G. ace.) iv 221 (1889-90). 

Can tests by tubular wells be relied upon 
to show amount of water available for a 
public water supply? (W. C. Boyce.) 
1ii 27 (1888-89). 














wells. (Discussion.) i 
(1886-87). 
Driven wells as a source of water i a 


(A. F. Noyes.) i June 19 (1886-87); (F. 


Forbes.) v 141 (1890-91). 
Driven wells: 
Bretton Woods, N. H. (W. P. Gerhard.) 


xviii 247 (1904) 


Brookline, Mass. (F. F. Forbes.) xi 195 
(1896-97). 

Lowell, vere (George Bowers.) ix 
(1894-95) ; 226 (1895-96); xiii 30 (1898- oo 


Ground wane’ in pre-glacial buried valleys, 


Mass. (I. B. Crosby.) liii 372 (1939). 
Ground water supplies, Mass. (F. H. Kings- 
bury.) 1 149 (1936). : 
Ground water supply by shallow driven 


wells. (R. W. Horne.) 1 207 (1936). 
Ground water supply, Dayton, Ohio. (W. 
W. Morehouse.) li 219 (1937). 
Ground waters as sources of public water 
supply. (W. S. Johnson.) xx1ii 401 (1909). 
Infiltration galleries, Des ees Iowa. (C. 
B. Burdick.) xxxviii 203 (1924). 
Clark.) 1 229 


Iron in ground water. (H. W. 

(1936). 

Low velocity gravel- pats wells. (P. F. 
(Howard.) li 424 (1937). 

Methods and costs of developing ground 
water supplies, New England. (P. F. 
Howard.) liii 134 (1939) 


Needham gravel-packed well. (B. F. Snow.) 
li 409 (1937). : 

Pollution of industrial ground gad sup- 
ply. (G. M. Fair.) iii 316 (1939). 

Pollution of well supplies. (E. S. Chase.) 
liii 318 (1939). 

Quantitative estimation of ground waters 
for a supplies. (M. L. Fuller.) xxvii 
233 (19 

Ph nds ‘for ground were supplies. (L. 
K. Sherman.) liii 299 (1939). 

Soils from which water supplies may be 
drawn by_filter galleries or a wells. 
(Phineas Ball.) iii 29 (1888 

Sub-surface collecting system my quality of 
water, Newton, Mass. (E. H. Rogers.) 
xxxvii 312 (1923). 

Underground water: 
— for it. (George Bowers.) 
(190. 

Unita a spring as a_source of water 
supply for a town. (L. E. Hawes.) xi 156 


how_to obtain it and 
xvii 127 


(1896-97). 
Well covering, Waltham, Mass. (F. P. 
Johnson.) viii 120 (1893-94). 
Well rater and sampler. (P. F. Howard.) 
1 219 (1936). : 
Well. Waltham, Mass. (F. L. Fuller.) vi 


183 (1891-92). 
See also GEOLOGY and SUPPL 
GROUNDING OF ELECTRICAL LINES. 
See CORROSIO 
GROUTING AND “GUNITIN NG. 
See CONDUITS, DAMS and RESERVOIRS. 


HAMMER, WATER. See HYDRAULICS. 
HEALTH. 
Copper and health. (Wm. G. Schneider.) 


xliv 485 (1930). 


Drinking-water ‘and disease. (W. P. Ma- 
son.) vi 139 (1891-92). 

Flies and disease. (H. D. Pease.) xxv 17 
(1911). 

Gastro-enteritis, Peabody, Mass. October, 


1913. (A. D. Weston.) xxxiv 193 (1920). 
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Lead poisoning by lead Dt 
Forbes.) xv 58 (1900-01). 
Lead poisoning by water and its preven- 


tion. (R. S. Weston.) xxxiv 239 (1920); 
xxxv 126 (1921). 

Longevity of crabs bacillus. (G. A. John- 
son.) xix 506 (1905). 


Massachusetts water supplies and the ty- 
os rate. (H. W. Clarke.) xxxiv 203 
(1920 

Mortality rates of Philadelphia, Pa., in re- 


lation to the water emery. (J. O. Vogle- 
son.) xxviii 127 (1914) 
se Site | and their extermination. (W. 
Underwood.) xviii 161 (1904). 
ae a cause of typhoid fever, Wash- 
ington, D. C. (W. T. Sedgwick.) xxv 
470 (1911). 
Poisonous effects copper. (F. B. Mal- 
lory.) xli 27 (1927 


Relation of Roc in water supplies 
to typhoid fever and other intestinal 


diseases. (C. A. Holmquist.) xxxviii 237 
(1924). 

Relation of intensity of typhoid to char- 
acter of water carriage. ( P. Mason.) 


xix 412 (1905). 
Relative responsibility of public water sup- 
plies and other factors for the causation 
of typhoid. (W. T. Sedgwick and C.-E, A. 
Winslow.) xx 51 (1906). 
Typhoid epidemics: 
Cleveland, O., 1903-04. 
xx 266 (1906). 
Ithaca, N. Y., 1903. (G. A. Soper.) xviii 
431 (1904). 
Kennebec Valley, Me., 1902-03. (G. C. 
Whipple and E. C. Levy.) 5} 163 (1905). 


(G. C. Whipple.) 


Maidstone, East and. (W. Mason.) 
xxiv 299 (1910). 

Plymouth, Pa., 1885. (C. W. Sherman.) 
xli 23 (1927). 

alem, ( H. Dittoe.) xxxv 335 
(1921); 


XXXVi 262 (1922). 
Watertown, N. Y., 1904. 
xxii 87 (1908). 
Typhoid fever and water supplies. 
Mills.) v 149 (1890-91). 
omg of Bg A used for water treat- 
ment. mith.) xix 491 (1905). 
Vital Bena Cambridge, Mass. (L. M. 
Hastings.) xx 406 (1906). 
(Theobald Smith.) 


( 

Water-borne diseases. 
x 203 (1895-96). 

i in New York State. 

xlvii 298 (1933) 


Water-borne disease 
(Earl Devendorf.) 
Water-borne diseases in New England, 1920 
to 1936. (A. E. Gorman.) liii 473 (1939). 
Water supply, diarrheal diseases and in- 
fant ayy extend Burlington, Vt., 1879-1905. 
(M. N. Baker.) xx 163 (1906 
Water-works emergencies from health stand- 
point. (W. J. Scott.) rit 133 (1932). 
See also LAWS “and QUALITY. 
HEATERS, HOT WATER. See PLUMBING. 
HIGH WATER ALARMS. See GAGES. 
HOSE. 
Large and small fire hose, water pressures 


(G. A. Soper.) 
(CH. F. 


and rig spacings. (W. R. Conard.) 
xxxix 79 (1925). 
Vibration in hose, producing heat. (Dis- 


cussion.) xxxv 42 (1921). 


See _also FIRES, HYDRANTS. HYDRAU- 
LICS and SPECIFICATIONS. 


HOT WATER HEATERS. See PLUMBING. 





















HYDRANTS. oe 
Care of hydrants. (Patrick Gear.) xxvili 
298 (1914.) 

Control (Discussion.) x i43 


of hydrants. 
(1895-96). 


Hydrant connections for fire engines. (F. A. 


Marston.) xxxvii 369 (1923). 

Hydrant Se: (C. L. Newcomb.) 
xxi 378 (1907 ? 

Hydrant alate. (G. E. Winslow.) v 26 
(1890-91). 

Hydrants. (G. A. Stacy.) iv 32 (1889-90). 


Hydrants broken by Automobiles. (Dis- 
cussion.) xxxiv 49 (1920). 

Large and small fire hose, water pressures 
anc hydrant spacings. (W. R. Conard.) 
xxxix 79 (1925). 

Painting fire hydrants to indicate capacity. 
(J. W. Randlette.) lii 85 (1938). 

Proper size for oe (Discussion.) ii 


Sept. 94 (1887-88 
GatEs, HOSE, ICE and 


See also FIRES, 
SPECIFICATION 

HYDRANT THAWING AND FROST PRO- 
TECTION. See ICE. 


HYDRAULIC FILL DAMS. See DAMS. 

HYDRAULICS. 

Alignment charts for pipe lines. (W. F. 
Covil.) liii 103 (1939). 


Discharge of conduits supplying Mt. Hope 
Reservoir, Rochester, N. Y. (Emil Kuich- 
ling.) xiii 138 (1898-99). 

Discharge of water mains as determined by 
the pressure gage. (G. A. Ellis.) i Sept. 
19; Dec. 18 (1886-87). 

Effect and remedy of water hammer on 
a, pipes. (J. C. Hancock.) v 11 (1899- 


Effect of water hammer on_cement-lined 
pipe. (G. E. Winslow.) iv 191 (1889-90). 
Eliminating water hammer from a_high- 
pressure regulating valve. (S. L. Rug- 

gles.) xxxvii 402 (1923). 
a Bragg of Freeman method for solution 
pipe flow problems. (W. E. Howland.) 
xlviii 408 (1934), 


Frictional head in a ee main. (F. F. 
Forbes.) vi 164 (1891-9. 
Friction in pumping oh 0 (F. C. Coffin.) 
x 234 (1895-96). 
Gain in head at take-offs, (W. E. How- 


land.) xlix 14 (1935). 
Hydraulic analysis of distribution systems 


by electric analyzer. (T. R. Camp and 
H. L. Hazen.) xlviii 383 (1934). 
Hydraulic laboratory, Cornell University. 
(E. A. Fuertes.) xiv 195 (1899-1900). 


Hydraulic laboratory, Massachusetts Insti- 
tute of ee: (Dwight Porter.) viii 
81 (1893-94 

Hydraulic service characteristics of small 
metallic pipes. (G. M. Fair, M. C. Whip- 
ple and C. Y. Hsiao.) xliv 499 (1930). 

Loss of head in bends. (W. E. Fuller.) 
xxvii 509 (1913). 

Measurements of flow of water in a 36-in. 
and 30-in. compound pipe. (L. M. Hast- 
ings.) viii 189 (1893-94); ix 58 (1894-95). 

New England and hydraulic science. 

W. Sherman.) xlvii 153 (1933). 

Pipe line friction coefficients. (Committee 
report.) xlix 106 (1935); xlix 235 (1935). 

Reducing water ram caused by direct-acting 


pg em engines. (G. E. Winslow.) xv 
Test of ets of hose, Sprinasetd, Mass., 
June 19, 1885. 152 (Trans. 1885). 
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Water hammer. (Discussion.) i 73 
(1886-87); xxv 76 (1911). 

Water hammer, caused by water in the air 
chamber of a pump. (E. E. Farnham.) 
vi 26 (1891-92). 

Water hammer 


Sept. 


in house plumbing which 


does not include a tank. (A. F. Noyes.) 
62 (Trans. 1885). 
Water hammer in pipe lines. (H. K. Bar- 


rows.) xlv 72 (1931). 

Water ram from apeveniie  ataasaay 
Sherman.) xxvii 169 (19 

Water ram in distribution ms oe Hartford, 
Conn. (C. M. Saville.) xxvii 183 (1913). 

See also MEASUREMENT OF WATER. 

HYDROLOGY. 

Areal mean precipitation of drainage areas. 
(J. B. Belknap.) xlvi 272 (1932). 

Capacity of the Sudbury River and Lake 
Cochituate reservoirs in time of drought. 
(Desmond FitzGerald.) ii Dec. 3 (1887-88). 

Causes of rainfall. (W. M. Davis.) xv 338 
(1900-01). 

Determining mean precipitation on a drain- 
age basin. (R. E. Horton.) xxxviii 1 
(1924). 

Drought in New England, 1929-1930. (H. B. 
Kinnison.) xlv 145 (1931). 

Effects of 1929-1930 drought tar water sup- 
ply, Rockport, Mass. C. Houser.) 
xlv 164 (1931). 

Estimating stream flow in New England. 
H. K. Barrows.) xix 437 (1905). 

Floods and droughts on New England 
streams. (C. M. Saville.) xxxix 1 (1925). 

Flood producing storms, Atlantic seaboard. 
(M. W. Hayes and H. R. Byers.) li 207 
(1937). 

Great Suptonbves storm, 1932. (G. V. White.) 
xlvii 164 (1933). 

Influence of forests upon rainfall and stream 


(CiW. 


flow. (G. F. Swain.) i March 11 (1886- = 

Measurement of rainfall ans snow. (R. 
Horton.) xxxiii 14 (191 

Meteorological conditions tata floods. (H. 
R. Byers.) li 210 (1937). 

New England droughts and floods. (C. M. 
Saville.) li 326 (1937). 

New England rainstorm,-Nov. 3-4, 1927. (C. 
F. Brooks and Weber.) xiii 91 


1. i 
(1928); xliv 106 (1930); (X. H. Goodnough.) 
xlii 150 (1928); xliv 119 (1930). 
Rainfall, amount available for water supply. 
(Desmond FitzGerald.) i Sept. 41 (1886- 


87). 
Rainfall and .run-off from catchment areas, 


New England. (L. M. Hastings.) xviii 
32 (1904). 

Rainfall and run-off measurements. (Com- 
mittee report.) xxxv 151 (1921). 

Rainfall and _  stream-flow measurements, 
Holyoke, Mass. (P. J. Lucey.) xxxiv 323 
(1920). 

Rainfall in New England. (X. H. Good- 
nough.) xxix 237 (1915); xxxv 228, 397 
(1921); xl 178 (1926); xliv 157 (1930). 

— of New England. (C. F. Brooks.) 
xliv 1 (1930). 

Rainfall of New England. (J. H. Weber.): 
Historical statement. xliv 6 (1930). 


Annual rainfall. xlii 137 (1928); xliv 19 


(1930). 
Seasonal rainfall. xlii 278 (1928); xliv 
32 (1930). 
Mean monthly rainfall of southern New 


ngland. xlii 291 (1928); xliv 45 (1930). 
Minimum and maximum monthly rainfall 
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of southern New England. xlii 414 
(1928); xliv 57 (1930). 

Rainfall of northern New England. (Gragg 
Richards.) xlii 431 (1928); Sliii 50 (1929); 
xliv 74, 100 (1930). 

Secular and local variations of weather of 
climate affecting ne supply. (V 
Niles.) v 74 (1890-9 

Southern New * sate Bo hydrology. (C. 
Saville.) xlvii 363 (1933); xlviii 255 Caer 

Stream-flow data, 1875-1898, Sudbury, Nashua, 
and yagond rivers. (C. E. Chandler.) 
xxii 409 (1908 

Stream-flow voce from a water-power one 
point. (C. E. Chandler.) xxi 464 (190 

Uses of rainfall records. (L. M. Sewbaees 
xxxili 72 (1919). ‘ : 

Watershed leakage in relation to gravity 
water supplies. (R. E. Horton.) xxxiii 
306 (1919). 

Yield of catchment areeh (Committee re- 
port.) xxviii 397 (19 

See also FLOODS and ‘WATERSHEDS. 


ICE AND ICE PROTECTION. 
Anchor ice. (R. C. P. Coggeshall.) x 265 
- (1895-96). 

Anchor ice and a recording pressure-gage 
affected by a clogged conduit. (C. W. S. 
Seymour.) ix 223 (1894-95). : 

Care of hydrants in winter. (G. I. Bailey.) 
xiv 116 (1899-1900). J 

Cold weather troubles—a symposium. (P. 
R. Sanders, G. H. Finneran; W. F. Sulli- 
van, and F, H. Kingsbury.) xlviii 320 
(1934). 

Conditions in water-distribution systems 
during severe winter of eat 18 (Commit- 
tee report.) xxxii 267 (1918 

Electric thawing machine. or J. Gifford.) 
xxxiv 114 (1920). 

Examination of hydrants in cold weather. 
(G. A. Stacy.) vii 222 (1892-93). 

Freezing and thawing of water mains and 
services. (A. A. Ross.) xlix 176 (1935). 
Freezing of house meters. (Discussion.) 

xviii 65 (1904 

Freezing of hydrants. (Discussion.) ii 
Sept. 12 (1887-88). 

Frost penetration. (H. V. Fuller.) 1 299 
(1936). 

How to set hydrants to prevent freezing. 
(Discussion.) iv 9 (1889-90). 

-“ — (H. S. Barnes.) xxiv 576 
191 

Lime to thaw pipes. (C. K. Walker.) vii 
220 (1892-93). 

Naphtha lamp for thawing frozen pipe. (Dis- 
cussion.) 103 Trans. 1885). 

Pipe thawing by eo- (H. C. Hamil- 
ton.) xlviii 314 (193 

Portable boiler for aaeins on pipes. 
(C. K. Walker.) xviii 217 (190 

Protecting pipes from freezing. Ae 
xxii 36 (1908). 

eae NA pi es from frost. (E. A. Jones.) 
iii 125 ( 89). 

Tencten yc service boxes and pipes. 
(Discussion.) xviii 58 (1904). 

Thawing frozen service pipes and distribut- 
ing the cost. (Discussion.) xxvi 159 
(1912). 

Thawing frozen service Pipes by L saeeneneine 
(F. McInnes.) xviii 214 an 

Thawing frozen services. (D. 

xxxii 133 (1918). 


. Heffernan. ) 





Thawing frozen water pipes. (G. H. Fin- 
neran.) xlv 44 (1931). 
Thawing Spertate. (Committee report.) 
xli 79 (1927 
Thermit for relieving ore troubles. (H. T. 
Barnes.) xl 312 (19; 
See also HYDRANTS aH PIPE. 
INDUSTRIAL WASTES. 
See QUALITY and SEWAG 
INDUSTRIAL WATER. See QUALITY and 
TREATMENT. 
INSTRUCTIONS TO EMPLOYEES. 
See MANAGEMENT. 
INSURANCE, FIRE. See FIRES. 
INTAKES. 
Little Quittacas intake, New Bedford, 
Mass. (F. A. Barbour.) xxxix 370 a. 
Sebago Lake intake, Portland, Me. (H. 
Fuller, L. Metcalf and C. B. Srifthell 
xxxix 394 (1925). 
See also SUPPLY. 
IRON REMOVAL. See TREATMENT. 


JOINTS AND JOINTING MATERIALS. 
See PIPE JOINTS. 


LABOR TROUBLES. See MANAGEMENT. 

LABORATORIES, WATER-WORKS. 
Design and equipment of water-works lab- 
oratories. (M. C. Whipple.) xlii 339 


(1928). 

Small water-works laboratory. (A. N. 
French.) no 64 (1918). 

See also ANALYSIS, QUALITY and 
TREATMENT. 

LANDSCAPING. See ARCHITECTURE. 
LAWS AND WATER RIGHTS. 

Act relating to use of Little Quittacas Pond, 
New Bedford, Mass. i June 17 (1886-87). 

Bathing in Public water supply tributaries 
—Connecticut Supreme Court decision lii 
116 (1938). 

Can a water taxpayer’s application for 
water supply be refused? (Discussion.) i 
Sept. 32 (1886-87). 

City of Borie. O. vs. City Railway Co. 
xvi 151 (190; 

City’s right to: on fire services. (City of 
Lowell, Mass. ws. Shaw Stocking Co.) 
xxii 279 (1908). ° 

Control Fa public water supplies by the 
New York State Conservation Commis- 
sion. (Russell Suter.) xxix 520 (1915). 

Control of service pipes. (Discussion.) ii 
Sept. 19 (1887-88). 

Control of water supplies of New York 
State and laws gs thereto. (C. A. 
Holmquist.) xli 261 (1927). 

Health laws relating to public water sup- 
plies. (A. D. Weston.) xxxviii 333 (1924). 

Interstate water rights. (C. M. Saville.) 
xli 340 (1927). 

Law governing the taking of private. prop- 
erty. (Philips Nichols.) xxxviii 327 
(1924). 

Laws and regulations for the protection 
of public water supplies. (W. J. Scott.) 
xl 425 (1926). 
aw of interstate waters and its applica- 
tion to the Delaware River. (Thaddeus 
Merriman.) xlv 199 (1931). 

Legal aspects of oust: -power Govolonmant 
in Maine. (C. C. Babb.) xxvi 190 (1912). 

Legality of supplying water to premises ex- 











tending into two adicieing towns. (Dis- 

cussion.) ix 197 (1894-9; 

Legislation and court on for sanitary 
rotection of water supplies. (Albert L. 
Some.’ xxxii 154 (191 

Legislation and other activities relating to 
conservation. (Committee report.) xxiii 
131 (1909); xxv 135 (1911); xxviii 101 (1914). 

Legislation for making water bills a lien 
ope) property. (Discussion) xxvii 522 
(1913). 

Legislative matters in Massachusetts. (Com- 
mittee report.) xl 175 (1926) 

Litigation, yo hg Ww. 3. G.. 1. Tribus) 
xxiii 145 (1909 

Massachusetts laws on financing municipal 
water works. (Committee report.) xxxvii 
105, 315 (1923). 

Massachusetts law to protect inland waters. 
i March 6 (1886-87). 

Operation of Massachusetts 
law. xl 161 (1926). 

Passage of Massachusetts statute making 
water bills a lien on real estate. (Com- 
mittee report.) xxviii 91, 105 (1914). 

Principles governing riparian water rights 
and yp suite. . CC. 2, oate, Jr.) 
xxiv 187 (1910 

Public control over new streets in relation 
to extension of water mains. (Bertram 
Brewer.) xxxiii 436 (1919). 

Public works and state magererion. (Clemens 
Herschel.) xli 331 (1927 

Responsibility for water quality. Cz. &. 
Chase.) liii 191 (1939). 

Status of application for water service to a 
property upon death of owner. (Discus- 
sion.) xxv 473 (1911). 

Water rights. (R. A. Hale.) xxi 248 ae 

See also DAMAGES, HEALTH, MANAGE- 
MENT QUALITY and RATES. 

LAYING PIPE. pee be 

LEAD AND HEALTH. See 

a Py iad TEAK DETECTION. 


WAST 
LIFE OF PIPE, See PIPE. 
LINING PIPE. See PIPE and PIPE LINING. 


“water lien” 


MAINTENANCE. See MANAGEMENT. 

MANAGEMENT. 

Advisability of use of meters, and their 
ownership by the city. (Discussion.) vi 
21 (1891-92). 

American of English water works prac- 
tice. (J. Calvert.) xlvi 229 (1932). 
Civil service an the water department, (J. 

C. Pelletier.) xxiii 209, 355 (1909). 
Construction and maintenance of water 
works. (C. W. Kingsley.) iii 127 (1888-89). 
Control of street openings. (Discussion). 
Xxxviii 130 (1924). 
Coéperation of water-works operators with 
the public and employees. (F. T. Kemble.) 
xxxvi 363 (1922). 


Difficulties in  water-works management, 
Manchester, . (C. K. Walker.) xi 
341 (1896-97) 


Distribution and maintenance, Providence, 
F. Nolan.) xl 460 (1926). 

Economic advantages of ss ~ ownership 
of water companies. (A. S. Dewing.) xli 
63 (1927). 

Economic conditions and weaee supplies. 
¢ Weston.) xlvi 214 (1932). 

Economics of water purification. (A 
Shaw and E. S. Chase.) lii 131 (1938). 
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Economy in water-works management. (S. 
Amis} vi 161 (1891-92). 
Economy of municipal bonds for water-works 


aaa (C. W. Sherman.) xl 15 
1926, 

Efficiency in water-works eegegeaaet. 
(W. H. Richards.) xxv 407 (1911). 


Emergency gang in a water service. (George 
H. Finneran.) xxx 413 (1916 

Engineering codperation. (Committee re- 
port.) xxix 591 (1915). 

vg age . er Conn. (C. M. Sa- 
ville.) xxx 195 (1916). 

Experiences with the Public Works Admin- 
istration—a symposium. A. Beware 
H. J. Lockwood, A. L. Shaw, W. J. Scott, 
Ear “Devendorf, and A. D. Weston.) xlix 
22 (1935). “ 

Extension of the water district idea in 
Maine. (Harvey D. Eaton.) xxxi 196 
(1917). 

Extensions of water mains. 
report.) xxv 212 (1911). 

Financial management of water works. (F. 
C. Coffin.) xi 63 (1896-97). 

Financing municipal water-supply enter- 
eae (T. N. Waddell.) xxxviii 321 
1 

Funds for water works purposes. (L. G. 
Carlton.) lii 124 (1938). 

Group management of water companies. 

> Newsom.) xlvii 337 (1933). 

Inconvenience of deposit of a certified a 
with a proposal for an installation. (F. 
Hayes.) xxix 143 (1915). 

Instructions to employees at pumping sta- 
tions and filter plants. (Dow R. Gwinn.) 
xxxiv 284 (1920). 

Joint use of service trenches. (L. A. 
Goodale.) xlix 372 (1935). 

wi troubles. 


(Committee 


(Discussion.) xxxii 376 


Legal aspects of financial management of 
water works in Massachusetts. (A. D. 
Weston.) xliii 328 (1929). 

Maintenance of water works equipment. 
(S. L. Rogers.) liii 345 (1939). 

Management of a municipally owned water 
works. (L. G. Carlton.) xlvii 343 (1933). 

Merging water department with other mu- 
nicipal departments. (G. A. King.) xxxvi 
434, 612 (1922). 

Municipal Zpanacement of water-supply 
systems. (J. H. Hall.) xvii 9, 338 (1903). 

as a supply not for operating motors. 
(J..N. Tubbs.) vi 152 (1891-92). 

Municipal water-works Sane (A, 
R. Hathaway.) xxxvii 88 (1923 

Municipal water-works Tne ony in Massa- 
oe (C. W. Sherman, H. A. Symonds 
and S. Johnson.) xxx 279 (1916). 

New Ew land Regional Planning Commis- 
sion. (V. Cutter.) xlix 72 (1935). 

Operating problems of a small water de- 
partment. (Homer R. Turner.) xxxi 633 
(1917). 

Operation of New York City’s water-supply 
system. ( W. Brush.) xlv 181 (1931). 

Personal character in its relation to prac- 
tical efficiency. (C. Eglee.) xxix 214 
(1915). 

Practical talk on water-works matters. (G. 
H. Finneran.) xxxiv 272 (1920). 

Precision. (W. B. Sherman.) xvii 52 (1903). 

Prevention of theft of water from fire 
services. (Discussion.) xvi 290 (1902) 
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Private and public water works. (Discus- 
sion.) iv 17 (1889-90 : 
Public works and business en 

(R. S. Meriam.) xlviii 441 (193 

Public works for economic stabilization 
(W. T. Chevalier.) xlviii 412 (1934) 

Qualifications of operators. (W. J. Scott.) 
li 402 (1937 

Regulation of water pipes within buildings. 
(S. H. Taylor.) 1 129 (1936). 

Relation of metropolitan water works to 
member communities. ( . Heffernan) 
xlvi 24 (1932). 

Reminiscences of a goneeendeat. (D. A. 
Heffernan.) xlii 235 (1928). 

Revenue and operating expenses of munici- 
pally-owned water works, Massachusetts, 


1913. (Charles W. Sherman.) xxx 
(1916). 

Selling from the manufacturers’ and _ pur- 
chasers’ viewpoint. (W. P. Mosteller.) 


XxXviii 287 (1924). 

Separate meters for each of two or more 
tenements in same house. (Discussion.) 
xxvii 296 (1913). 

Should fire services be metered? (Discus- 
sion.) vi 27 (1891-92); xi 342 (1896-97); 
xv 419 (1900-01). 

Soft — - complaints. (L. H. Gardner.) 
v 129 (1890-91). 

Suggestions to water-works officials of bene- 
fit to the consumer. (D. A. Heffernan.) 
xxxiv 183 (1920). 

Term for which water-works bonds should 
run. (C. W. Sherman.) xxxvi 589 (1922). 

Unemployed, relief undertakings, and water 
works. (Discussion.) xlvii 200 (1933). 

Unemployment relief. (Committee report.) 
xlv 380 (1931 

Unemployment relief by water works activi- 
ties, Leominster, Mass. (W. G. Classon.) 
xlvi 217 (1932). 

Use of a bond instead of certified check to 
accompany proposals. (Committee report.) 
xxxiv 225 (1920). 

Water meters: 
( Roullier.) v 56 (1890-91). 

W: ‘ater- works management. (Edwin Darling.) 
ii Sept. 7 (1887-88). 

Water-works practice, Taunton, Mass. (A. 

King.) xlviii 66 (1934). 

Why municipal water works are not self- 

supporting. (Nathan Matthews.) ix 1 


(1894-95). 
See com Berg A ty LAWS, RATES 
SUPPLY and VALUATION. 
MANGANESE REMOVAL. 
See TREATMENT (IRON eer At. 
MANHOLE FRAMES AND COVERS. 
See SPECIFICATIONS. 
MANUFACTURE . PIPE. See PIPE. 
MASONRY DAMS. e DAMS. 
MATERIALS AND EQUIPMENT. 
Automobile as an efficiency agent. (G. W. 
Batchelder.) xxviii 281 (1914). 
Automobile for business. (F. F. Forbes.) 
xxii 38 (1908). 
Co6peration in use of * ia amameaee 
sion.) xxxiv 322 (192 
Electrical equipment. 
131 (1933). 
Inspection of equipment. 
xxxvi 450, 613 (1922). 
Rubber in water-works practice. (E. A. 
Hauser.) lii 254 (1938). 


advisability of their use. 


(Discus- 
nF. H. Read.) 
(T. E. Lally.) 


xIvii 


Testing and use of Portland and natural 
xxi 1 (1907). 


cements. E. S. Larned. 
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Thread gage design and eee problems. 
O. E. Koehler.) lii 331 (19 

“Wells” light for ae Buse og (E. P. 

Gardner.) vii 168 (1892-93). 

See also EXCAVATION, ICE and MANAGE. 
MENT. 


MEASUREMENT OF WATER. 

Installation and care of Venturi meters. (A 
B. Coulters.) xliii 281 (1929 

Measurement of water, Metropolitan Water 
Works, Boston, Mass. xviii 1 D. 

Parshall measuring flume at Providence R 
I. (C. G. Richardson.) xlviii 1 (1934 

Pitometer and its uses. (E. M. Bloke. 
xx 152 (1906). 

Pitot tube for water-flow and _ pressure 
studies. (H. B. Smith.) xliv 471 (1930). 

Venturi meter. (R. A. Robertson.) vii 32 


(1892-93). 

See also CONSUMPTION, HYDRAULICS, 

METERS. 
ete Gites See HYDROLOGY. 
METER R 

See ACCOUNTING, CONSUMPTION and 
METERS, WATER y 

Accuracy: of meters (John Thomson) viii 
58 (1893-94). 

Care and maintenance of meters LG. { 
Whitney.) ix 106 (1894-95); (A. W. Cud- 
deback.) xxvii 471 (1913); (H. W. Gris- 
wold.) xliii 273 (1929). 

Experience with water meters. (H. G. 


Holden.) iii 154 (1888-89); (L. A. Taylor.) 
vi 182 (1891-92). 

Field tests of large meters. (Nelson Board- 
man.) xlvii 129 (1933 

Fire-service meters. (E. V. 
291 (1905). 

Luxuries of yesterday, necessities of today. 
C. Behney.) xxxviii ye (1924). 
Metering, Boston, Mass. (J. A. McMurray.) 

xxix 73 (1915) 


French.) xix 


Master meters. (H. W. Griswold.) li 203 
(1937). 
Metering are services. (F. E. Beck.) xxxiv 

125 (1920) 


(A. N. French.) xxi 33 
(J. A. Mc- 


(Walter 


— registration. 


a 
Meter setting and_ maintenance. 
Murray.) xxxvii 44 (1923). 
New developments, in fluid meters. 
Parker.) lii 248‘ (1938). 
Round multiple and straight-reading regis- 
ters. (Discussion.) xxiv 370 (1910). 
Selection of meters. (Caleb Mills Saville.) 
xxxii 329 (1918). 


Service pipes and meters. (Discussion.) 
xlii 251 (1928). 
ize of meters for services. (S. H. Mac- 


Kenzie). li 367 (1937). 
Sizes of meters for services. 
li 245 (1937). 
Testing meters: 


(R. W. Esty.) 


— anes. (Discussion.) ii Sept. 93 

1887- 

Boston, Mass. (L. F. Rice.) iii 67, 120 
(1888-89). 

Curves of accuracy and stolen loss. (F. B. 
Nelson.) xxix 4 (1915). 

Large meters. (R. E. Ferguson.) xliii 382 
1929). 

— Mass. (W. F. Sullivan.) xix 264 
1905 

Six-inch. (F. C. Kimball.) xvii 305 (1903). 


Uniformity of methods. (John Thomson.) 


x 78, 111 (1895-96). 

















A. Taylor.) i Sept. 57 


). 

CONSUMPTION, FIRES, MAN- 
AGEMENT, MEASUREMENT OF 
WATER and pa alee 

MICROSCOPIC ORGA MS. 

See QUALITY and WATER TREATMENT. 

MILITARY WATER SUPPLIES. 

See SUPPLY — 


WwW ater meters. (L. 


MISCELLANEOU, 
Atlantic intra-coastal Sepyrnare: (Edward 
Parrish.) xxv 285 (1911). 


From peace to war, from war to victory, 
from victory to just judgment. (W. T. 
Sedgwick.) xxxii 189 A a 8). 

Parks, Rochester, N. (Cc 
xxiv 485 (1910). 

Placing a bridge in position. 
iii 197 (1888-89). 

Placing the walking beam in the steamer 
Puritan. (W. M. Hawes.) iii 163 (1888- 
89 


Quartermaster terminal, Boston, Mass. (C. 
ow.) xxxii 362 (1918). 
Squantum destroyer plant. (T. C. Atwood.) 
Xxxiii 1 (1919). 
Water in some of its on relations. (D. 
N. Beach.) iii 133 (1888 


C. Laney.) 
(C. A. Allen.) 


bee ae (E. Sherman Chase.) xlvii 207 
MIXING OF CHEMICALS. 

See TREATMENT. 
MONEL METAL. See CORROSION. 
MOTORS. See POWER and PUMPING. 
NOZZLES. See FIRES. 


OFFICE METHODS. 

See ACCOUNTING and MANAGEMENT. 
OPERATION. 

See MANAGEMENT, SUPPLY and TREAT- 

MENT. 
OZONE. 

See TREATMENT (DISINFECTION). 
Peerane STANDPIPES. See STAND 
PHYSICS OF WAT 

See ANALYSIS rm OUALITY. 
PIPE—GENERAL 

Accident on ape ‘conduit. (W. H. Richards.) 

iii 164 (1888-89). 
Air in gravity mains. (J. W. Ledoux.) 
xxxv 31 (1921). 
Depth of laying pipes. (Committee report.) 
Age (1908); xxiii 435 (1909); xxvii 160 
Design of pipe lines. (K. R. Kennison.) 
xlvii 27 (1933 
Economy in pire lines for small water 
works. (E. D. Eldredge.) xxxiv 91 (1920). 
Laying ty 
10-in. pipe, we Mass. (F. L. Fuller.) 


iv 190 (1889 

20-in. pipe, New London, Conn. (W. H. 
Richards.) iv 178 (1889-90). 

30-in. supply main, Lowell, Mass. (S. P. 
Griffin.) vi 186 (1891-92). 

Laying water pipes in congested streets, 


New York, N. Y. 
(1915). 
Mains. (Discussion.) 
Minimum size of mains allowable. 
sion.) vi 18 (1891-92). 


(Max Blatt.) xxix 513 


xxxii 46 (1918) 
ioe. 


(W. E. 


Moving a conduit in 100-ft. sections. 
v 125 (1890-91). 


Davis.) 
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Oxy-acetylene process in the piping field. 
CR. Boggs.) _xliii 44 (1929). 

Pipes and pipe laying. Metropolitan Water 

jorks, Boston, Mass. (C. M. Saville.) 
xvii 203 (1903). 

Protection of water pipes and appurtenances 
in exposed locations. (Discussion.) xxxix 
174 (1925). 

Raising or lowering large water _ (Dex- 
ter Brackett.) iii 198 (1888 

Raising pipes in the trench. rin £z. Beals.) 
xx 244 (1906). 

Siphon operation on main supply pipe. (W. 
R. Brann and C. W. Sherman.) xxxv 36 
(1921). 

Sixteen-in. direct river pipe, and its effect 
upon the Taunton, Mass., supply. (G. 
F. Chace.) vi 179 (1891-92). 

Size of mains and services. (S. H. Mac- 


Kenzie.) li 108 (1937). 
Street mains: relative merits of different 
kinds. (F. E. Hall.) 107 (Trans. 1885). 


Substitution of machinery for hand labor 
in pipe- laying. (S. H. Taylor.) xxxix 445 
(1925) 

Thickness of large pipe lines. (Allen Ha- 
zen.) xxv 29 (1911). 

Thickness %. main pipes. 
179 (1889-90 

Water rseaong “and coment lined pipe, Dan- 


(Discussion.) iv 


vers, Mass. (R. W. Esty.) xlv 54 (1931). 
Water pipes, Metropolitan Water Works, 
Boston, Mass. (Dexter Brackett.) xiii 325 
(1898-99). 
Water-supply mains. (J. W. Ledoux.) xxxv 
354 (1921) 


See also CONDUITS, DISTRIBUTION, EX- 
CAVATION, HYDRAULICS and MAN- 


AGEMENT. 
PIPE—CAST-IRON AND SPECIAL CAST- 


INGS. 
Bending 10-in. cast-iron pipe. (C. W. Sher- 
13). 


man.) XXVii 27 (1 


Casting pipe with the bell end down. (Dis- 
cussion.) vii 18 (1892-93). 

Cast-iron pipe. (Committee report.) i Sept. 
12 (1886-87). 

Cast-iron Pipe Publicity Bureau. (T. F. 
Wolfe). xl 345 (1926). 

Cement-lined cast-iron pipe. (C. W. Sher- 
man.) xl 98 (1926) 

Cement-lined pipes. (Committee report.) 
xlii 492 (1928). 

(R. Mol- 


Engineering aspects of casi iron. 
denke.) xxxvii 1 (1923). 

Historical notes on cast-iron pipe, Nashua, 
N. H. D. Calderwood.) xlvii 124 
(1933). 


History of maspionn pipe. (W. R. Conard.) 
liii 166 (1939). 

Improvement in centrifugal casting process. 

. W. Stuart and Linderman.) 

xlviii 423 (1934). 

Life of cast-iron pipe. 
218 (1904 

Making cast: -iron pipe. 
27 (1896-97). 

Manufacture and inspection of cast-iron 
pipe. (W. R. Conard.) xxxv 205 (1921). 

Manufacture and use of small cast-iron pipe. 
Gs; McWane) xliv 495 (1930). 

(Discussion.) viii 78 (1893- 


(C. R. Wood.) 
(N. H. Crafts.) 


(C. Cavallier.) xviii 


(Jesse Garrett.) xi 


Pipe castings. 
94). 

a pipe. xxxix 85 
ag. 


Thickness of cast-iron pipe. 
iii 175 (1888-89). 
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ag joint on cast-iron pipe, Yarmouth, 
GC Coffin.) xv 38 (1900-01). 
“Universal” cast-iron pipe. _(Discussion.) 
xxi 50 (1907); (J. H. Walsh.) xxxi 
(1917). ; 
Use and weight of one castings. (Dis- 
cussion.) iii 8 (1888-89 
Weight of cast-iron pipe. (A, F. Noyes.) 
28, 154 (Trans. 1885). 
See also SPECIFICATIONS. 
PIPE—CEMENT AND ASBESTOS—CE- 
MEN 


Cement pipe. (P. F. Crilly.) v 50 (1890- 
91). 

Cement-mortar lining for cast-iron pipe and 
fittings—proposed standards. xlvi 224 
(1932). ss 

Construction of cement-lined pipe. (F. W. 

). 


Gow.) 113 (Trans. 1885 
Experience with Transite pipe. (A. B. 
(H. L. Brig- 


Rich.) li 289 (1937). : 

Introduction to Transite pipe. 
ham.) li 285 (1937). 

Transite for wells and 
Lumbert.) li 310 (1937). 

Transite pipe. (G. W. Blakeley.) 

937). 

Underwriter’s tests of Transite pipe. (C. 
W. Sherman.) 1li 282 (1937). 

Wrought-iron, cement-lined water 
(Leonard Metcalf.) xxiii 1 (1909). 

PIPE—CONCRETE. ; : 

Concrete pipe for water mains. (R. W. Mit- 
chell.) xltii 18 (1929), 

— joint pipe line, New Bedford, Mass. 

F. Longley.) xlix 212 (1935). 

Reinforced oz pipe. (G. C. Bartram.) 
xxxiv 312 (19 

Reinforced concrete pipe for water- supply 
lines. (W. Chase.) xxxvi 102 (1922). 

Reinforced comerete pipe for water-supply 
lines under eerere- (F. Longley.) 
xxxviii 257 (1924). 

Pings AND SUBMARINE CROSS- 

Brook crossing and bridge ve: (CH. W. 
Griswold.) xlvii 22 (1933 

Crossing a stream with a ae pipe. (E. 
H. Gowing.) v 135 (1890-91). 

Laying a 16-in. main across a rocky mill 
stream and over a dam. (G. F. Chace.) 
ix 103 (1894-95) 

Laying a 24-in. main under the Nashua 
River, Nashua, N. H. (H. G. Holden.) xii 
254 (1897-98). 

Laying siphon 
bridge, Mass. 
(1892-93). 

Placing a 10-in. high- service pipe across a 
river, (F. W. Gow.) xii 195 (1897-98). 

Subaqueous pipe and_ electric cable way, 
Gloucester, Mass. (H. W. Spooner.) xxii 


screens. (W. J. 


li 317 


pipe. 


Cam- 
vii 90 


under Broad Canal, 
(J. L. Harrington.) 


261 (1908). 
Submarine pipe-line. Portland and Great 
Diamond Island, Me. (Harry U. Fuller.) 


xliv 479 (1930 
Submarine pipe-line. Portland and South 
Portland, Me. (H. U. Fuller.) xxxvii 
298 (1923). 

Submerged 54-in. 
Syracuse, N. Y. 
(1893-94). 

Submerged river 
(S:.S; Anthony.) 


pine, Skaneateles Lake, 
(W. R. Hill.) viii 40 
crossing, ee Me. 


lii 58 (193: 


Trapaee pipe river crossing, , 1 Mass. 
. Marston.) li 299 (1937). 
PIPE_SERVICE. 
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Are lead oqmaneatians for iron service pipe 
necessary? (H. G. Holden.) vi 81 (1891- 


services. (Discussion.) 
(J. R. McWane.) 


(F. F, Forbes.) 


Brass pipe for 
xxxvii 428 (1923). 

Cast-1ron service pipe. 
xxxviii 79 (1924). 

Cement-lined service pipes. 
xv 48 (1900-01) 


Copper and brass water it (W. G. 
Schneider.) xliii 148 (1929 

Curb box. . G. Hol crags i Sept. 41 
(1886-87). 

Economy of service-pipe pepevetion, (R. 
. Newsom.) xxxvi 79 (192: 


Life of tarred service pipes. te. L. Fuller.) 
vii 221 (1892-93). 

Magnetic dipping opie. for locating service 
and fate boxes. (E. D. Eldredge.) xxviii 
294 (1914 

Merits of lead service pipes. 
vi 22 (1891-92); xii 51 (1897 


a OND: 


Screw cock injured by ren . Gok. 
Harrington.) iii 166 (1888-89). 

Service boxes, Montreal, Que. (T. W. 
Lesage.) xvii 284 (1903) 

Service gate boxes. (G. % Stacy.) xi 339 


896-97); xii 36 (1897-98 
Service pipe. (W... t. Rich: ards.) 40 (Trans. 
1 


Service pipe. (Committee report.) xxxi 323 
1917) 


Service pipes (Discussion.) 
xlii 251 (1928) 
Service pipes and plumbing appliances. (D. 
A. Heffernan.) xxxvii 47 (1923). 
Service-pipe defects and their remedy. (G. 
F. Chace.) xii 41 (1897-98). 
Water service installation a Newton. (M. 
J. Herlihy.) Ilviii 59 (1934 
See also SPECIFICATIONS. 
PIPE—STEEL AND WROUGHT IRON. 
Hole bored_ through wrought-iron sleeve. 
(Phineas Ball.) iii 158 (1888- 89). 
Jackets for protection of steel pipes in Cats- 
kill Aqueduct, New York, N. Y. (A. D. 


and meters. 


Flinn.) xxv 345 (1911). 

Lined and wrapped steel pipe, Aomuate, Me. 
(S. S. Anthony.) liii 274 (1939). 

Lined and wareged steel pipe, Needham, 


Mass. (R Oakman) liii 271 (1939). 

Repairs on a “wrought-i -iron pipe main. (J. 
A. Tilden.) iii ‘202 (1888-89). 

Replacing castings and forgings by steel 
elements cut to shape by automatic shape- 
cutting machines. (Adolf Krebs.) xlii 36 
(1928). 

Steel for water mains. (L. M. Hastings.) 
xiii 314 (1898-99). 

Steel pipe for water mains. (E. H. Thwaits.) 
lii_ 93 (1938). 

Steel pipes for water works. (Emil Kuich- 
ling.) xxiv 514 (1910) 

bet iron. (James Aston.) xlv_ 188 
1931). 

See also PIPE (CEMENT) and SPECIFICA- 
TIONS. 

PIPE—TRANSITE. 
See PIPE (CEMENT). 
PIPE—WOOD. 

Early log pipe. Boston, Mass. 
man.) xli 216 (1927). 

Stave pipe—its economic design and use. 
A. L.. Adams.) xiii 247 (1898-99) 

Wood pipe in New Hampshire. (Arthur W. 
Dudley.) xxx 318 (1916). 

Wood-stave conduit, Atlantic City, N. J. 


(C. W. Sher- 











(Kenneth Allen.) xviii 375 (1904); (C. J. 


Meyers.) xviii 387 (1 . ei 
Bh? ig water pipe. (G. L. Wells.) xiii 


288 (1898-99). 
PIPE CLEANING AND DISINFECTION. 
Care of mains in relation to the quality of 
the water supply. (G. F. Chace.) v 131 
(1890-91). 
CRjariontion, new water mains. (G 
Adams and F. H. Kingsbury.) 1i 60 (os. 
Chlorination of a Cambridge main. (F. 
Smith.) li 57. (1937). 
Chlorination of pipe line, New Bedford, 
Mass. (F. J. Sullivan.) xlix 221 (1935). 
Cleaning water mains: 
(Discussion.) xxiv 373 (1910). 
Hartford, Conn. (with epeermentiogs.) (C. 
M. gs a xxvii 489 (1913). a 
St. John, N (William Murdoch.) xiii 
147, 333 Nae 99). 
Disinfection of water mains. 
report.) xliv 565 (1930). 
Disinfection of ba a Aqueduct (A. E. 
Griffin.) xlv 1 (1931). 
Disinfection of water mains. 
xlvii 195 (1933). 
Flushing street mains. (J. H. Brown.) 70 
(Trans. 1885). 

Force pump for cleanin 
cussion.) xxviii 70 
Pipe cleaning and lining, Buenos Aires. 

(Bruce Harkness.) liii 284 (1939). 
Reconditioning large water mains. (H. 

Jones.) _liii 293 (1939). 
Results of pipe eee (B. B. Hodgman.) 


xxxix 171 (1925 ie 
Water main cleaning. (A. T. Clark.) xlvii 


(Committee 
(Discussion.) 


service pipes. (Dis- 
914 


184, 296 Shag : 
Water main disinfection. (Committee re- 
port.) 1 445 (193 


8) 
PIPE CORROSION AND ELECTROLYSIS. 
See CORROSION. 
PIPE EXTENSIONS. 
See DISTRIBUTION, MANAGEMENT and 
RATES. 


PIPE JOINTS AND CONNECTIONS. 
Calking joints with an air compressor. (D. 
J. Higgins.) xxviii 286 (1914). 
Cast-iron bell-and-spigot pipe joints, Boston, 


Mass. (Clarence Goldsmith.) xxviii 113 
(1914). 

Cement for water-pipe joints. (William 
Wheeler.) xxxvii 62 (1923). 

Connecting lead services. (W. F. Codd.) 


ix 187 (1894-95). 
Costs of lead substitutes for pipe joints. 
1923). 


(V. F. West.) xxxvii 75 
PA Ths lined pipe. (Discussion.) xlviii 23 
(1934). 
Depth of lead joints. Cepoenaion) 94 
(Trans. 1885) ; v 25 (1890-91). 


Disjointing pipe without burning joints. 
(Discussion.) 102 (Trans. 1885). 
Efficiency of pipe- ieieting compounds, com- 
pared with lead. (F. O. Stevens.) xxxiv 
102 (1920). 

Insulation of joints in pipe lines. (W. R 
Conard.) xxvii_228 (1913). 

Leadite joints. (H. A. Symonds.) xxix 557 
(1915); (W. C. Hawley.) xxix 563 (1915). 

Matheson- -joint steel aor mains. (F. N. 
Speller.) xxxii 58 (1918 


Metallurgy of —— wire. (C. A. Me- 
Cune.) xlii 33 (1928) 
Naphtha lamp for melting joints. (Discus- 


103 (Trans. 1887). 


sion.) 
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compounds. _(Discussion.) 


Pipe jointing 
(G. H. Finneran.) 


xxxvi 111, 309 (1922); 
xxxvii 84 (1923) 
Pipe-line welding by oxy-acetylene gas. 
(LeRoy Edwards.) xlii 3 (1928). 
Pipe welding. ( Deyoe.) xlii 25 


(1928). 
Rigid vs. flexible — connections. (A. 
C. King.) li 111 (1937) 
Rubber pipe joints. (R. S. Weston.) xxii 
310 (1908) 


Tapping band on cast-iron pipe for large 
panies (L. A. Taylor). ix 229 (1894- 
Thermit pipe-welding. (R. L. Browne.) 
xlii 21 (1928). 
Use of couplings. (R.S. Scott.) 1 299 (1936). 
Welding. (Discussion.) xlii 42 (1928). 
Wiped and cup joints. (Discussion.) i 
Sept. 71 (1886-87). 
Wooden joints in cast-iron mains. (William 
Murdoch.) xv 34 (1900-01). 
Wooden plug used to stop the hole drilled 
y a “Smith” tapping machine. (Discus- 
sion.) xxiii 451 (1909 
PIPE LAYING. 
See EXCAVATION, PIPE (GENERAL) and 
PIPE JOINTS. 
PIPE LINING AND COATING. 
Cement-lined pipe. (Committee 
xlii 492 (1928). 

Difficulty of obtaining pipe with a_ good 
coating. (Discussion.) x 143 (1895- 96), 
Disappearance of the coating from cast-iron 
pipe while stored in the yard. E. 

Killam.) xxxv 367 (1921). 
Linings and covering for —— pipes. (Ben- 

jamin Talbot.) xl 446 (19 
Linings for cast-iron pipe. ey F. Wolfe.) 
viii 78 (1893- 


report.) 


1 414 (1936). 
PSS. coatings. (Discussion.) 
4 
Pipe linings and friction coefficients. (E. T. 
Killam.) xlvii 283 (1933). 
Repair of inside pipe coating. 
xxxiv 55 (1920). 


(Discussion.) 


Spun bituminous pipe coating in Great 
Britain. (J. Mitchell.) li 390 (1937). 

pun bituminous pipe coatings in the 
United States. (G. E. Boyd.) li 393 
(1937). 

Tars, new and old. (S. R. Church.) xxxvi 
571 (1922). 


See also PIPE and PIPE CLEANING. 
PIPE TESTING. 

See PIPE and WASTE. 

PIPE THAWING AND FROST PROTEC- 

TION 

See ICE. 

PIPE TAPPING. 
See PIPE and PIPE JOINTS. 
PITOMETERS AND PITOT TUBES. 
See MEASUREMENT OF WATER. 
PLANNING, REGIONAL. 

See MANAGEMENT. 

PLUMBING AND PLUMBING EQUIP- 

MENT. 

Advantages of modern plumbing over the 
old-fashioned pump and well. (J. O. Hall.) 
xv 525 (1900-01). 

Backflow in water supply systems. (R. H. 
Zinkil.) liii 458 (1939) 

Cause and effect of range-boiler explosions. 
(W. A. Bradford.) xxxvii 406 (1923). 
Collapse of hot-water boilers. (W. F. Sul- 

livan.) xlix 200 (1935). 


Explosion of hot-water boiler, Belmont, 











| 





314 SUBJECT INDEX. 


Mass. (E. J. Looney.) xxxiv 200 (1920). 

Flushometer valves. (Discussion.) xxxvi 
467 (1922); xliii 155 (1929). 

Flush valve. (G. M. Fair.) xxxv 137 (1921). 

House inspection of fixtures. (Discussion.) 
vi 34 (1891-92). 

Necessity of tanks for supplying water 
closets and _ hot-water boilers. W. R. 
Billings.) 51 (Trans. 1885). 

Need of uniformity in plumbing magelntinen. 
(G. C. Whipple.) xxxv 117 (1921). 

New plumbing regulations, Connecticut. (L. 
K. Sherman.) Iii 351 (1938). 

Plumbers and water-works pamerenteedonts. 
(G. W. Thompson.) xxxv 107 (192 

Plumbing fixtures and back- + erm Ci... 
K. Sherman.) li 266 (1937). Q 

Plumbing systems and _ cross-connections. 
(M. W. Cowles.) li, 261 =. 

Regulating water piping an xtures. 
(Committee report.) li 959 figs7) 5 li 476 
(1937). 

Service pipes and plumbing paetinnces. (D. 
A. Heffernan.) xxxvii 47 (1923 

Should plumbers be licensed? ER 
i Sept. 26 (1886-87 

Special equipment cross-connections. (A. 
V. Harrington.) li 270 (1937). 

Tanks for service in high buildings. (H. 
E. Halpin.) li 273 (1937). 

Vibration in house services. (Discussion.) 
xxiv 365 (1910). 

Water distribution in connection with 
plumbing. (D. A. Heffernan.) xxxv 123 
(1921). 

See also CORROSION and HYDRAULICS. 

POLLUTION. See QUALITY. 
POOLS. See SWIMMING POOLS. 
POWER, WATER. 

Break in hydraulic turbine, roa Mass. 
(W. E. Foss.) xxxiii 143 (191 

Power capacity of a stream aeeee seerege. 
(W. G. Raymond.) xxii 184 (190 

Power development at Cobble Seoniaie. 
(H. A. Moody.) xlvi 356 (1932). 

Water power at Holyoke. (A. F. Sickman.) 
xviii 337 (1904). 

See also DAMAGES, HYDROLOGY and 


LAWS. 
PRECIPITATION. See HYDROLOGY. 
PRESSURE. 

See DISTRIBUTION, FIRES and HY- 


DRAULICS. 
PRESSURE GAGES. See GAGES. 
PRESSURE REGULATORS. See GATES. 
PRIVATE FIRE SUPPLIES. See FIRES. 
PRIVATE WATER WORKS. 

See MANAGEMENT and VALUATION. 
PROTECTION, FIRE. See FIRES. 
PROTECTION, FROST. See ICE. 
iyi OF WATER SUPPLY. 

See HEAL QUALITY and — 
PUBLIC HEALTH. See HEAL 
PUMPING AND PUMPING STATIONS— 

GENERAL. 

Booster pump for a gravity water sroply. 

(G. F. Merrill.) xxxvii 190 (1923). 

Direct pumping method, Taunton, ass. 

(G. F. Chace.) vi 67 (1891-92); (G. A. 
King.) xix 21 (1905). 

Economy in the use of coal. (I. N. Hollis.) 
Xvii 32 (1903). 

Economics of puspies equipment. (D. D. 
Eames.) lii 214 (1938). 

Engine foundation, ae Mass. (J. C. 
Haskell.) v 163 (1890-91). 





Engines for small water works. (H. A. 

Symonds.) xxxiii 153 (1919). 

Fuel: ; 

Bog fuel. (Edward Atkinson.) xvii 180 
(1903); xviii 414 (1904). 

Colorific value. (G. H, Barrus.) x 48 
{i503}. (H. J. Williams.) xix 90 
(1905 

Situation in New England. (I. N. Hollis.) 
xxxii 217 (1918); (C. T. Main.) xxxii 
231 

Honttiog air in a tube-well id plant. 

N. Tower.) xii 189 (1897-98). 

oun of town water- works pumps. (C. 
E. Greene.) xlv 168 (1931 

Power and pumping facilities, Manchester, 
N. H. (P. A. Shaw.) liii 352 (1939). 

Pumping engines. (A. J. L. Loretz.) xi 227 
(1896-97). 


Pumping equipment for station economy 
(F. A. Mazzur.) xxxvii 242 (1923). 
Pumping equipment, Manchester, N. 
(J. H. Mendell.) xxxii 169 (1918). 

Pumping water—historical review. (W. 
Sears.) xlix 119 (1935). 

Pumping-station design po operation. (R 
J. Newsom.) xxxv 46 (192 

Pumps for small water Roses (C. W. Ful 
ton.) xxxiv 1 (1920 

Purchase of coal ‘on “an efficiency basis 
(A. O. Doane.) xxiv 277 (1910). 

Remodeled pumping station, Nashua, N. H 
(W. F. Sullivan.) (1 283 (1936). 

Safe ratio of pumping capacity to maxi- 
mum consumption. (W. B. Sherman.) iii 
90 (1888-89). (Discussion.) iii 104 (1888- 


Saving of water and conservation of coal. 
(George A. Carpenter.) xxxii 198 (1918). 

Slip tests as an aid to efficiency. (H. T. 
Havill.) xxix 511 (1915). 

= a engines (Discussion) xvi 
174 * 

Standby emergency pumping equipment. (C. 
E. Greene.) liii 178 (1939). 

Steel forgings for pumping engines. (H. F. 
J. Porter.) xii 120 (1897-98). 

Suction booster for centrifugal pumps. (F. 
S. Broadhurst.) Boa 119 (1924). 

See also DISTRIBUTION, GROUND 
Seoone SPECIFICATIONS and SUP- 


PL 
PUMPING BY ELECTRICITY. 
Changes in power for pumping, Newport, 
R. I. (Harold V’atson.) xliii 410 (1929). 
Dangerous reduction of insulation resistance 
in high-pressure fire-service motors due 
to moisture. (W. W. Brush.) xxxiii 337 
(1919). 
Electrical pumping plant. (C. A. Hague.) 
x 184 (1895-96). 
Electric pumping: 
Concord, N. H. (P. R. Sanders.) xxxvi 
517 (1922). 
Montreal Water and Power Co. (F. H. 
Pitcher.) xvii 349 (1903). 
Schenectady, N. Y. (G. S. Hook.) xx 89 


(1906). 
Waterville, Me. (Kennebec Water Dis- 
trict.) (A. L. Shaw.) xxxix 32 (1925). 
Log book for electrically-driven puaping- 
unit, New Bedford, Mass. ae 

Coggeshall.) xxxii 173 (1918). 
McTavish Pumping Station, Montreal, Que. 
(C. J. Des Baillets.) xliii 32 (1929). 
Reliability features of an_ electrically- 

















operated pumping station. (R. C. Dennett 
and G. L. Swan.) xli 268 (1927). 

Woodlawn Pumping Station, Western New 
York Water Company, Buffalo, N. Y. (H. 
F. Huy.) xliii 387 (1929). 

PUMPING BY STEAM f 

Compound and triple expansion engines for 
small water-works plants. (J. M. Betton.) 
xiii 218 (1898-99). 

Distribution pumping-stations, Metropolitan 
Vater works, Boston, Mass. (A. O. 
Doane.) xli 183 (1927). 

Duties of pumping engines and fuel con- 
sumed. (Diagram.) 24 (Trans. 1882). 

Economy of pumping engines. (G. H. Bar- 
rus.) xiii 163 (1898-99); (F. W. Dean.) 
xviii 25 (1904). 

High- and low- duty pumping engines. (J. 
E. Smith.) xiv 163 (1899-1900). 

How to obtain the best results in small 


pumping stations. (H. F. Gibbs.) xvi 167 
(1902). 

Improvement in pumping engines. (F. F. 
Forbes.) xiii 157 (1898-99). 

Metropolitan Water Works pumping ma- 
chinery, eee Mass. (W. J. Sando.) 
xv 299 (1900: 


Needham Street oiler plant. (D. D. Eames.) 
xviii 102 (19. 

Pumping jt wey NE of the Edward P. 
Allis Co. (I. H. Reynolds.) xiii 172 
(1898-99). vii 

Pumping nes. (F. W. Dean.) 85 

ix 163 iy sy 


(1893-94) ; D. Leavitt.) 

Pumping station practice, (F. W. Dean.) 
xlii 109 (192 

Pumping uate: Providence, R. I. (J. A. 
McKenna.) xl 466 (1926). 

Pumping without an air chamber. G. A. 
Stacy.) xx 379 (1906). 

“Snow” 


pumping engine, Indianapolis, Ind. 

(W. F. M. Goss.) xiii 49 (1898-99). 

— boilers. (F. W. Dean.) xxxvi 115 
1922). 

Steam Pumping engines. (Alfred O. Doane.) 
xxxii 121 (1918). 

Superheated steam _ in cemgieg engines. 
(E. Foster.) xix 76 (190! 

Test of pumping engine, Weltham, Mass. 
F. W. Dean and C. T. Main.) xiv 171 
(1899-1900). 

Test of the “Unaflow” pumping engine. 
(D. A. DeCrow.) xxxiii 535 (1919); xxxiv 
195 (1920). 

Thirty-five-year-old — pump. (F. O. Ste- 
vens.) xxxvii 12 (1923). 

Trial of 30-m.g.d. pumping engine, Metropoli- 
tan Water Works, Boston, Mass. (W. J. 


Sando.) xv 232 (1900-01). 
Waste eet engines. (E. F. Miller.) xvii 
44 (1903). 


Worthington pumping machinery. (C. C. 
Worthington.) xiii 229 (1898-99). 
PUMPING BY GAS, ETC. 
Centrifugal pumps for Diesel-engine drive. 
(Max Spillmann.) xxxvii 172 (1923). 


Comemconee air. (J. H. Shedd.) xix 1, 19 

(190: 

Diesel engine and displacement are: 
(R. D. Hall.)  xxxvii 159 (1923); {. 


Chase.) xxxvii 163 (1923 

Diesel engine and its overall  amee ce 
B. Jahnke.) xxxix 105 (1925 

Diesel engine for ——— ee (El- 
liott Earl.) xlvii 61 (1933 


Diesel engine for water- om service. (C. 
E. Lucke.) xxxvii 145 (1923). 
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Diesel engine in a modern forge. (J. P. 
Harbeson, Jr.) xxxix_ 138 (1925). 

Diesel engine in a poueing plant. (L. C. S. 
Smith.) xxxix 135 (192: 

Diesel engine 7 Bisa ray Needham, Mass. 
(R. G. Oakman.) _liii 152 (1939). 

Diesel-engine eye & Sees. (A. D. 


Couch.) xliv 458 (193 
Diesel pumping plant, 
H. Goff.) ii 225 (193 
Gas, gasoline and oil a for pumping 


iitford, Mass. (M. 


machinery. (F. C. Coffin.) xiii 206 (1898- 
Gas- producer pumping plants, Manchester, 
Mass. Allen.) xxv 1 (1911); xliii 
56 (1929). 
High-service motor, Burticatee, Ve. @. 
H. Parker.) ii Sept. 63 (1887-88 


(J. T. Fan- 
(H. L. 


Hydraulic pumping machinery. 
ning.) i Sept. 34 (1886-87). 
Producer-gas plant, Hingham, Mass, 

Thomas.) xxii 1, 247 (1908). 
Pumping without attendance, using auto- 

= oil engines. (S. A. Agnew.) xx 330 
epee oil. (R. D. Hall.) xxxvii 182 

(192. 

Test ra lifting water from wells with air. 

(F. W. Davis.) xiii 51 (1898-99). 

PUMPING WELLS. 

See GR se D WATER, PUMPING and 


SUPPL 
PURIFICATION OF WATER. 
See TREATMENT. 


QUALITY OF WATER—GENERAL. 
Color of water tributary » the Scituate 
Reservoir, aaa R. I. (F. O. Clapp.) 
xl 530 (192 
Effect of pia of different metals upon the 
quality of water supplies. (H. W. Clark.) 
xli 31 (1927) 


Industrial uses of water. (W. D. Collins.) 
lii 396 (1938.) 

Industrial water ggionments. (H. J. Skin- 
ner.) lii 403 (1938 

Iodine and water i (H. W. Clark.) 
xxxix 204 (1925). 

Todine in bg public water supplies of 
Massachusetts. (H. W. Clark.) xlii 132 
(1928) 

Manganese in impounded water supplies. 
(R. S. Weston, and A. E. Griffin.) xlvii 
40, 280 (1933). 

Odor and color of surface waters. (T. M. 
Drown.) ii March 3 (1887-88). 

M. Drown.) 


Purification by idee CF; 
viii 46 (1893-94). 

Quality of able water supplies of Vermont. 
1523), Moat.) xv 514 (1900-01); xxxvii 291 


Quality of surface water supplies of Massa- 
chusetts. (J. C. Haskell.) xiii 79 (1898- 


Quality of impounded water oupplies. (A. 

dy.) xlIvi 396 (1932). 

Quality of water, Newton, Mass. (E. H. 
Rogers.) xxxvii 312 (1923). 

Quality of waters of the aaa Lakes. (R. 
B. Dole.) xxiii 254 (1909 

Rating of the qualities 7 water supplies, 
Massachusetts. (G. C. Whipple.) xxxvi 
40 (1922). 

Review of 19th annual report on water ex- 
amination, London Metronolitan Water 
Board. (M. C. Whipple.) x1 33 (1926). 

Sanitary scoring of water supplies. (E. S. 
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Chase.) xxxix 229 (1925); (Committee re- 
port.) xl 416 (1926); xli "316 (1927) 

Scoring of surface water supplies. (A. D. 
Weston.) xlix 82 (193 5). 

Tastes in the water supply of Marquette, 
Mich., due to yi waste. (Paul Han- 
sen.) xxxix 320 (19, 

Water and life. (L. in _ ES xxviii 
1 (1914). 

See also ANALYSIS, HEALTH and TREAT- 
MENT. 


UALITY OF WATE R—AQUATIC 

GROWTHS. 

Algae growth in age Angi and ponds. (F. 
F. Forbes.) iv_196 (1889: 

Asterionella. (G. C. Whipple and D. D. 
Jackson.) xiv 1 (1899-1900). 

Chara fragilis in a water-supply reservoir. 
(F. F. Forbes.) x 252 (1895-96). 

Chlamydomonas in Spot Pond. (F. S. Hol- 
lis and H, N. Parker.) xiv 26 (1899-1900). 

Cristatella_in storage reservoir, Henderson, 

edie 2 Weston.) xiii 20, (1898-99). 
Growth of organisms in water pipes. (G. 


C. Whipple.) xii_1 (1897-98). 
Leptomitus in drinking ane. ce. -<. 
Sweetser.) xxvii 282 (191 
G. CG 


Light and the growth of . aa 
Whipple.) xi 1 (1896-97). 

Odor and taste imparted to water by some 
algae and infusoria. (F. F. Forbes.) vi 90 
(1891-92). 

Odors and tastes, Holyoke, Mass. (J. i. 

Tighe). xxiii 324 (1909). 

Organisms which cause unpleasant odors 
and tastes in water er ( : i 
Sedgwick.) xiv 54 (1899-1900). 

Ra ue Gm. Whipple.) xi 348 
(189 

Temperature of surface waters, and growth 
of nee (G. C. Whipple.) ix 


202 (1894-95). 
See also ANALYSIS and TREATMENT. 


es OF WATER—EFFECT OF STOR- 


Color and other phenomena of water from 
an unstripped reservoir in New England. 
(C. M. Saville.) xxxix 145 (1925), 

Color reduction in storage reservoirs. (C. 
M. Saville.) xliii 416 (1929). 

Decolorization by storage in clean- bottomed 


reservoirs. (K. R. Kennison.) xliii 60 
(1929). 

Decolorization of water by storage. (R. H. 
Stearns.) xxx 20 (1916). 


Effect of storage upon the quality of water. 
(F. P. Stearns.) v 115 (1890-91). 

Period of storage and microérganisms in 
reservoirs. ( Weston.) xxxix 225 
(1925). 


QUALITY OF WATER—POLLUTION, PRO- 
TECTION AND CONTROL 
Boating and fishing in ponds and reservoirs 
used as sources of water supply. (X. H 
Goodnough.) xxxiv 151 (1920). 
Control of waters by state health authori- 


ties: 

Massachusetts. (H. F. Mills.) i March 6 
(1886-87). . 

New York. (H. D. Pease.) xxiii 90 
(1909); (Theodore Horton.) xxxiii 545 


(1919); (C. A. Holmquist.) xli 261 (1927). 
Dangers to the wr Her quality of public 
Tee. supplies. (E. S. Chase.) xxxvii 16 











SUBJECT INDEX. 


Enforcement with other eran, Gg. F. 
Jackson.) xliii 402 (19, 

Eternal vigilance, the — of good water. 
(G. Chace.) ix 147 (1894-95). 

How to secure pure water from a surface 
water supply. (J. C. Haskell.) xi 137 


(1896-97). 

Follution control, New Hampshire. (C. D. 
Howard.) 1 334 (1936). 

Pollution of private water supplies. (E. J. 


Sullivan.) liii 307 (1939) 


Pollution of reservoirs by gulls and other 


birds. (G. Houser.) xlv 15 (1931) 
Pollution of streams affecting industrial 
uses. (J. F. Jackson.) xxxvi 14 (1922). 


ggadon of streams by manufactural wastes 
and methods of prevention. (H. W. Clark.) 
xv 500 (1900-01). 

Prevention of phenol and other tastes at 
Rahway, N. J. (M. M. Gibbons.) xlv 6 


Protection of New York’s water supply 
from pollution during construction work. 
(A. J. Provost, Jr.) xxv 301 (1911). 

Protection of public water supplies from 
pollution by railroads. (W. T. Sedgwick.) 
xx 427 (1906 

Protection of surface waters from pollution. 
(W. T. Sedgwick.) xi 245 (1896-97). 

Results of systematic examination of public 
yy ag «gg (X. H. Goodnough.) xiv 
6 1899 

Sanitary condifion, water supply of Burling- 
ton, Vt. (W. T. Sedgwick.) x 167 (1895- 


Sanitary inspection, Metropolitan Water 
Works, Boston, Mass. (W. W. Locke.) 
xv 483 (1900-01) 

Sanitary ese of public water supplies. 
(Allen Hazen.) xxxv 297 (1921). 

Stream pollution in Connecticut. (J. F. 


Jackson.) xxxi 627 (1917). 

Surface water for drinking apetenres. (Ww. 
T. Sedgwick.) v_ 33 (1890-91). 

Watching the weather in safeguarding pub- 
lic water supplies. (A. E. Gorman.) xliii 
377 (1929). 

Water-supply sanitation in New Hampshire. 
{ Howard.) xxxi 237 (1917); (C. L. 

Pool.) xxxviii 122 (1924 

Water-supply sanitation in the nineteenth 
oo: (W. T. Sedgwick.) xv 315 (1900- 


Water-supply sanitation in the nineteenth 


century and in the epee (W. T. Sedg- 
wick.) xxx 183 ee 
See also OUND PATER, MANAGE- 


MENT, LAWS, HEALTH, TREATMENT 
and WATERSHEDS. 
QUICKSAND. See EXCAVATION, 


RAINFALL. See HYDROLOGY. 
RATES AND ASSESSMENTS. 
Assessment and collection of water rates. 
Crandall.) xiv 133 (1899-1900). 
Assessments for main pipe extensions. 
(Committee report.) xxxiv 353 (1920). 
Betterment assessment method my finane- 
ing water main extensions. (S. R. Wright- 
ington.) xlix 162 (1935). 
Changing from flat rates to metered rates. 
(D. L. Agnew.) 1 340 (1936). 
Charge for hydrant service. (Discussion.) 
ix 
(Dis- 
Xxviii 60, 140 
xxxiv 217 


i Sept. 29 (1886-87); xvii 62 (1903 
Charges for private =e protection. 
cussion.) xv 406 (1900-01); 
report.) 


(1914); (Committee 











(1920); (H. A. Burnham.) xxxviii 111 
(1924). 
Charges to customers for service connec- 


tions. (Discussion.) ii Sept. 19 (1887-88). 


Charge to customers for water wasted by 
a broken service pipe. (Discussion.) xxv 
131 (1911). 

Collecting meter rates. (G. F. Chace.) iv 44 
(1889-90); xiv 230 (1899-1900). ic 

Collecting water bills. (C. W. Easter.) lii 
67 (1938). 

Collecting water rates. (J. H. Hathaway.) 
ii Sept. 68 (1887-88). 

Collections during depression. 
xlvi 269 (1932). 

Collections of water rates and amounts un- 
collectible in 48 towns. xxviii 106 (1914). 

Determining charges for public use of large 
aaa (F. H. Crandall.) xi 344 (1896- 
97). 

Domestic flow as affecting meter registra- 
tion and water revenue. (H. W. Griswold 
and W. A. Gentner.) xlvi 288 (1932). 

Enforcing payment of water bills. (D. M 
Sullivan.) lii 244 (1938). 

Expediency of raising water rates to offset 
increased costs. (J. J. Moore.) xxxii 248 
(1918). ; 

Financing main pipe extensions by assess- 
ment. M, Saville.) xxxix 185 (1925); 
xl 22 (1926) 

Financing main 
Conn., eg system. (W. 
ner.) 1lii°178 (1938). 

Fire protection, by whom and how it should 
be paid. (Joel Foster.) xii 270 (1897-98). 

aie Pp teage for factories: how its value 

1 be determined and who oT pay for 
io (J. H. Purdy.) xviii 193 (1904 

Fire service charges. (H. E. Halpin) xlix 
345 (1935) 

Inch-foot method of charging for fire pro- 
tection. (F. J. Gifford.) xlvi_ 370 (1932). 

Inequalities in water rates. (H. G. Holden.) 
iv 213 (1889-90). 

Meeting water-main costs by assessments 
a (M. N. Baker.) xxxiii 186 

Meter rates. (Discussion.) 41 (Trans. 1883); 
xviii 222 (1904); xix 43 (1905); (Committee 
report.) xix 115, 322, 360 (1905) ; xx 237 
(1906); (W. H. Richards.) xxii 289 (1908). 

Meter rates and loss of water. (Commit- 
tee report.) xxviii 90, 199 (1914); xxx 361, 
453 (1916). 

Meter rates preferable to fixture rates, (F. 

904). 


(Discussion.) 


pipe extensions, Hartford, 
. Gent- 


offin.) on 55 (1 
Municipal wat and sewerage costs in 
Maryland. (Abel Wollman.) xli 439 (1927). 


Municipal water-supply revenue not an 
equitable means of reducing tax assess- 
ments, (J. L. Tighe.) xviii 352 (1904). 
Pipe extension charges. (N. S. Hill, Jr.) 
xxxv 91 (1921). 

Proper basis for the establishment of water 
rates. (Committee report.) vi 39 (1891-92). 

Rate of income for domestic service by 
ererent classes of residential property. 
(F. C. Jordan.) xxiv 592 (1910). 


Rate Pa in municipal works, (Bertram 


Brewer.) xxxii 1 (1918). 
i  eczeaime (T. L. Bristol.) lii 70 
Rates for water supply. (B. M. Wagner.) 
xxix 1 (1915). . 


Revenue from fire services and unused do- 
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xliii 152 


(Com- 


mestic services. (Discussion.) 
(1929). 

Uniform classification of water rates. 
mittee report.) ii Sept. 32 (1887). 

Use of water in gas-operated refrigerators. 
(Discussion.) - 264 (1932). 

Water rates. (J. Chase.) xvii 174 (1903), 

Water rates. Gicaonies) xxxvii 196 
(1923). 

Water rates. (E. L. Taylor.) xlix 360 (1935). 

See also reyes aaa MANAGEMENT 
and VALUA 

Seaee™ GAGES. foe, aeons. 
RECORDS. See ACCOUN 
RECREATION FACILITIES. See WATER- 

SHEDS. 

RED WATER. See CORROSION. 
REFORESTATION. See WATERSHEDS. 
REGULATIONS. 

“ene MANAGEMENT and VALUA- 

REGULATORS. See GATES. 

RELIEF VALVES. See GATES. 

REPORTS. See ACCOUNTING. 
RESERVOIRS.—GENERAL. 

Construction of reservoir embankments. 
(L. A. Taylor.) viii 130 (1893-94). 

State control of the design and construc- 
tion of reservoirs, Connecticut. (C. E 
Chandler.) xxvi 173 (1912). 

See also DAMS, QUALITY and TREAT- 


MENT. 

reg torr gpecalaeeeemaareces 
See DAMAGES. 

RESERVOIRS——DISTRIBUTING. 

Basin and well covering, Lege eee Mass. 
(F. P. Johnson.) viii 120 (1893-9 
Bursting of the earthenwork anohe on 
Munjoy Hill, Portland, Me. (J. R. Frec- 
man.) viii 148 (1893-94). 

Cleaning the distributing reservoir, New 
Bedford, Mass. (R. P. Coggeshall). 
iv 210 (1889- 90). 


Cobb's. Hill Reservoir, Rochester, N. ye 
ai Skinner.) xxiv 498 (1910). 

Cove “d ie (C. H. Swan.) iii 45 
(1888-89 

Covered vaeeles and their design. (F. 


xiv 252 (1899-1900). 
their construction and 
Fuller.) 


C. Coffin.) 

Covered reservoirs, 
making them a (F. L. 
xxiii 204 (1909 

Covered pathos 

Albany, Ga. (J. C. Chase.) viii 155 
(1893-94). 

Brookline, (F. F. Forbes.) viii 
113 (1893-94). 

—- N. H. (F. L. Fuller.) v_ 160 
(1890-91). 
Waltham, Mass. 
325 (1907). 

Covering Natick, Mass., 
concrete roof. (F. L. Fuller.) 
(1903). 

Covering service reservoirs in which filtered 
or ground waters are stored. C. 
al and A. G. Nolte.) 


Distribution reservoir, Manchester, N. H. 
(P. A. Shaw.) xlviii 281 (1934). 

Distributing reservoir, Worcester, Mass. 
(WwW. Hassam.) xii 153 (1897-98). 

Economy of circular reinforced concrete res- 
ervoir construction. (Alexander Potter.) 
xxvi 138 (1912). 

High-service reservoir, Manchester, N. H. 
(C. K. Walker) x 66 (1895-94). 


(Bertram Brewer.) xxi 


reservoir with a 
xvii 383 


XXXVii 261 
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Relining elevated reservoir with gunite. 
(R. W. Esty.) lii 30 (1938). 

Relining Payson Park Reservoir Cambridge, 
Mass. (L. M. Hastings.) xlii 45 (1928). 
Repairs to lining of small reservoir, Powder 
Horn Hill, gta Mass. (C. M. Sa- 

ville.) xix 66 (190: 

Ten-million-gallon arent. Dayton, oO. 
(L. Metcalf and W. T. Barnes.) xxxiii 
219 (1919). 

Waterproofing te ae lining of reser- 
voirs. (W. C. wley.) xviii 176 (1904). 

RESERVOIRS iMPOUNDI NG. 

Ashland Basin No. 4 and the mixing and 
handling of concrete, Boston, Mass. (W. 
F. Learned.) ii Dec. 3 (1887-88 

Clearing and grubbing Scituate Reservoir, 
Providence, R. I. (W. A. Reid.) xl 
499 (1926). 

Cochituate Reservoir opened, October, 1848, 
Boston, Mass., 208 (Trans. 1885) . 

Construction of Fells Reservoir, Metropoli- 
Water Works, Boston, Mass. (J. L. How- 
ard). xv 20 (1900-01). 

Construction of storage reservoir, New Lon- 
don, Conn. (W. H. Richards.) xviii 67 
(1904). 

Flood water channel of the Altoona reser- 
voirs. (C. W. Knight.) xiv 151 it ig 

war Kensico Reservoir, New York, 
# . A. Winsor.) xxix 554 (1915). 

Haskell? s Brook Reservoir and Dam, Glou- 
cester, Mass. (H. W. Spooner.) xix 27 
(1905). 

Kensico_ Reservoir, New Ls 8. uw. 
F. Smith.) xxix 486 (1915) 

Reservoir and dam No. 3, Woonsocket, Rm. I. 
(B. I. Cook.) xii 20 (1897-98 

Storage facilities, Pawtucket -- Works. 
(F. C, Williams.) xliii_ 113 (1°29). 

Worcester’s reservoirs. (G. W. Batchelder.) 
xxxvii 392 (1923). 

See also DAMS. 

REVENUE. See MANAGEMENT and RATES. 
RIGHTS. See LAWS. 

RIVER CROSSINGS. See PIPE. 
RUN-OFF. See HYDROLOGY. 


SAFETY VALVES. See GATE 

SALT WATER SUPPLIES. See FIRES. 
SAND FILTERS. See TREAT 
SANITATION. See a a QUALITY. 
SECONDARY SUP ES. 

See DISTRIBUTION. FIRES and SUPPLY. 
SEDIMENTATION. See TREATMENT. 
SEEPAGE. See DAMS. 
ee ee PIPES AND EQUIPMENT. 

See 
SEWAGE AND WASTE DISPOSAL. 

Copper sulphate treatment of sewage. (G. 

A. Johnson.) xix 506 (1905). 
Explosion of the Saratoga septic tank. (W. 
P. Mason.) xxi 23, 181 (1907). 
Purification of sewage by bacterial ammnees. 
(L. P. Kinnicutt.) xv_ 119 (1900-01). 

See also QUALITY and TREATMENT. 
SINKING FUNDS. See ACCOUNTING. 
SIPHONS. See PIPE. 
SNOWFALL. See HYDROLOECY. 
SOFTENING. See TREATMENT. 
SOIL gg ag 2 ng CORROSION. 
SOURCES OF SUP 

See GROUND WATER, SUPPLY and 


SPECIFICATIONS AND STANDARDS 
Adoption by foundries of standard specifica- 
tions. (Discussion.) xx 346 (1906) 





Cast-iron pipe oo Wie 
Conard.) xxi 54, 367 (1907). 

Contract and specifications for furnishing 
cast-iron water pipes and special castings, 
New Bedford, Mass. xviii 264 (1904). 

Gate valve specifications, 1916 and 1938. (S. 
E. Killam.) liii 358 (1939 

Hydrant markings. (Committee, report.) 
xlviii 252 (1934); xlviii 379 (1934 

Specifications for cast-iron pipe os special 
=—* (Committee report.) xlix 458 

1935). 

Specifications for cleaning water mains, 
Hartford, Conn. (C. M. Saville.) xxvii 
489 (1913). 

Specifications for fire hydrants and valves. 
(Discussion.) xliii 157 (1929). 

Specifications for pumping engines, 
Louis, Mo. (F. W. Dean.) xi 172 eee. 
97 


Standard flanges for Pat pipes. (F. C. 
Coffin.) vi 48 (1891- 

Standard none Ben Beng (F. M. Griswold.) 
xxxiv 63 (1920). 

Standard specifications. (Committee re- 
port.) xliii 354 (1929); xliv 568 (1930). 
Standard specifications for cast-iron pipe 
and other castings. (Committee report.) 
xvi 92, 330 (1902); xvii 84 (1903); xxvi 170 
(1912) ; XXvili 92, 348 (1914); xxxii 70, 184 
(1918) : xxxiv 230 (1920); xxxvii 108 (1923); 
ae. (1926); xli 313 (1927) ; xliii 349, 351 
Standard specifications for fire hydrants. 
(Committee report.) xxiv 205, 224 (1910); 
xxv 137 (1911); xxvi 76 (1912); xxvii 154 
(1913); xxviii 89, 184, 194 (1914); xxxiii 99 

(1919). 

Standard specifications for water meters. 
(R Thomas.) xxx 430 (1916); (Commit- 
tee report.) xxxv 187, 394 (1921); xxxvii 
201 (1923). 

Standard specifications for water works. (E. 

Gowing.) vi 168 (1891-92). 

Standardization of hydrant markings. (S. 
S. Anthony.) xlvii 103 (1933). 

Standardization of manhole frames and 
covers. (Committee report.) xli 315 (1927); 
xliii 350 (1929). 

Standardization of pipe flanges and fittings. 
(Committee report.) xlii 315 (1928); xliii 
347 (1929). ’ 

Standardization of threads for _ fire-hose 
couplings and fittings. (F. M. Griswold.) 
xxxv 43 (1921); (J. H. Howland.) xxxviii 
73 (1924). 

Standardizing meter dials. (Committee re- 
port.) xl 172 (1926) 

Uniformity in the direction of opening hy- 
drants and gate valves and of size and 
shape of hydrant and gate nuts. (Com- 
mittee report.) xx 348 (1906); xxv 141 
(1911); xxvi 74 (1912). 

Uniformity of threads for hydrant connec- 
tions. (Committee report.) xix 385 (1905). 

Wrought-iron pipe and wrought-steel pipe 
ee (Committee report.) xliii 353 


SPILLWAYS. 

See RFSERVOIRS (IMPOUNDING). 
SPRINKLERS, AUTOMATIC. See FIRES. 
STANDPIPES AND TANKS. 

— welded steel standpipe, Scituate, Mass. 

(W. J. Lumbert.) _liii 144 (1939). 

Cleaning and painting standpipes. C. W. 

herman.) xxxv 51 (1921). 














Concrete standpipes. (Discussion.) xxix 
184 (1915). 
Earthquakes and elevated tanks. (Summary 


of a talk by A. C. Ruge.) xlix 226 (1935). 
Fall of water tower, Fairhaven, Mass. (R. 
C. P. Coggeshall.) xv 522 (1900-01). 
Forbes Hill steel standpipe, Quincy, Mass., 


with masonry tower. (C. M. Saville.) 
xvi 177 (1902), | | 
Grouting or cushioning standpipe bases. 


(Charles W. Sherman.) xxx 131 (1916). 

High- and low-service steel standpipe, At- 
lantic Highlands, as ot Bassett.) 
vii 215 (1892-93). 

Painting standpipes. 
387 (1912); (Committee report.) 
(1930). 

Painting standpipe, yoo lg Mass. (J. 
E. Beals.) iii 157 (1888-89). 

Protecting iron and ae standpipes from 
corrosion. (C. W. Sherman.) xxxiii 272 
(1919). 

Reducing pressure on a gravity system by 


(Diseussion.) . xxvi 
xliv 553 


use of intermediate standpipe. (E. 
Gowing.) xvii 139 (1903). 
Reinforced concrete saniees: (Ci. W. 


Sherman.) lii 201 (19 

Reinforced concrete pe: 
Attleborough, Mass. (G. H. Snell and F. 
A. Barbour.) 7 302 (1906). 

Hull, Mass. (L. Doten.) xix 33 (1905). 
Middleborough, oh (G. A. Sampson.) 

xxx 251 91 

Westerly, R. I. 

169 (1915). 

Repairs to standpipe, ee Mass. 
(H. F. Conant.) xxix 179 (1915). 

Repairs to standpipe, Bath, Me. (C. E. 
Carter and W. F. Abbott.) xxxv 318 
(1921). 

Standpipe design and construction, Glovers- 
ville, N. Y. (F. A: Marston.) xxxvi 288 


(1922). 
ree. (B. I. Cook.) xiv 
1900 
(F. C. Coffin.) 


(J. C. Chase.) 


(Thomas McKenzie.) xxix 


124 (1899- 


Standpipes a their design. 
vii 202 (1892-93). 

Standpipe, Wilmington, N.C. 
viii 68 (1893-94). 

Steel tank and tower, East Pearsons, R. I. 
(F. M. Bowman.) xix 55 (190 

Two-million-gallon elevated sk Charles- 
ton, S. C. (J. E. Gibson.) xli 277 (1927). 

Waterproofing concrete standpipe, Waltham, 


Mass. (G. C. Brehm.) xxxviii 297 (1924). 
Water tank, Fall River. Mass. (Patrick 
Kieran.) ii Sept. 26 (1887-88). 


See also DISTRIBUTION and SUPPLY. 
STATISTICS OF WATER WORKS. 
Public water supplies: 
Connecticut. (W. J. Scott and F. O. A. 
Almquist.) xliii 298 (1929). 
Maine. (E. W. Campbell.) xli 99 (1927). 


Massachusetts. (A. D. Weston.) xxxviii 
144 (1924). 

ee Island. (S. De M. Gage.) xl 117 
192 


Statistics of water purification plants. (Com- 
mittee report.) a 220 (1914); xxix 232 
(1915); xxxiv 69 (19 

Uniform statistics. ceialcha report.) xvi 
51, 263 (1902). 

Water-supply statistics. 223 (Trans. 1885); 
Boston, Mass. 221 (Trans. 1885); Newton, 
Mass. 224 (Trans. 1885). 

Water-works statistics. (Compiled by the 
N. E. W. W. A.) 
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1886. i June 29 (1886-87). 
ii March 35 (1887-88). 


1887. ii June 29 (1887-88). 
1888-92. vii 225 (1892-93). 
1893. ix 127 (1894-95). 


1894. x 131 (1895-96). 
1895-96. xii 273 (1897-98). 
1896. xii 282 (1897-98). 
1897-99. xv 65 (1900-01). 
1900. xv 367 (1901). 
1901. xvi 223 (1902). 
1902. xvii 235 (1903). 
1903. xviii 277 (1904). 
1904. xix 241 (1905). 
1906. Sin 191 (1907). 
1909. 419 (1910). 

See also CONSUMPTION 
STATISTICS, VITAL. See HEALTH. 
STEEL PIPE. See PIPE. 
STERILIZATION. 

Ca me (DISINFECTION). 
Ss 

See HYDROLOGY, QUALITY and RESER- 


VOIRS. 
a COMPENSATION. See DAM- 


SUBMARINE PIPE. See PIPE. 
SUPPLY—GENERAL. 
Conservation of water resources. (M. O. 
Leighton.) xxii 381 (1908 
Cost of small surface water supplies, New 
England. (G. A. Sampson.) liii 121 (1939). 
Days of small things. (C. W. Sherman.) 
xlviii 26 (1934). 
Design of small water-works Sep ar (Ww. 
S. Johnson.) xxviii 144 (1914). 
Disaster protection of water moneiion: Mass., 
1938. (J. C. Knox.) liii 216 (1939 
Disaster protection of water tie od Rhode 
Island. (J. J. Dillon.) liii 212 (1939). 
Double municipal supplies. (W. T. Sedg- 
wick and H. P. Letton.) xxv 440 (1911). 
a in Hartford, Conn. (C. M. 
Saville.) xxx 195 (1916). 
Experiences in the — Southwest. (S. M. 
Allis.) xii 261 (1897-98). 
Fifty years in Psst aworks 
M. Saville.) xlvi 33 (1932). 
Relation of great ponds to water supplies. 
(J. F. Jackson.) iii 203 (1888-89). 
Roadside water supplies. (E. W. Campbell.) 
xlix 182 (1935). 
Secondary water supplies, their dangers and 
value. (Discussion.) xxiv 377 (1910). 
Selection of sources of water supply. (F. 
P. Stearns.). vi 102 (1891-92). 
Survey of water-works activities 
(G. A. King.) xxv 161 (1911). 
Water supply and its dev elopment for smal] 
cities in a West. (Wynkoop Kiersted.) 
v 83 (1890-9 
Water supply 7 the semi-arid regions of the 
United States. (Clarence Goldsmith.) 
xxvi 144 (1912). 
Water supply of a state institution. (B. F. 


Snow.) 1 197 ee a 
ATER, MANAGE- 


See also GROUND 
MENT, QUALITY,” STATISTICS and 


practice. (C. 


in 1910. 


TREATMENT. 
SUPPLY—NEW ENGLAND. 
Additional supply from Roaring Brook, 


Pittsfield, Mass. (H. A. Miller.) xxviii 
337 (1913). 

Additions to New England water-works 
plants. (Allen Hazen.) xxxvii 233 (1923). 

Boston metropolitan water supply extension. 
(K. R. Kennison.) xlviii 147 (1934). 
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Brook diversion to improve water supply, 
Manchester, N. H. (P. A. Shaw.) 291 
(1936). 

Changes in practice and improvement in 
water supply, Newton, Mass. (R. H. El- 
lis.) xlvili 76 (1934). 

Cushnoe Heights high service, Augusta, Me. 
(S. S. Anthony.) 1 267 (1936). 

Devejpoenet in water works, Providence, 

m P. J. Holton, Jr.) xlix 399 (1935). 

Description | of water supplies 

Boston, Mass. (F. A. lanes) xlvi 8 


(1932). ; 

Bridgeport Hydraulic Co. (S. P. Senior.) 
xxxv 309 (1921). 

Brockton, Mass. (C. R. Felton.) xx 385 
(1906. 

Brookline, Mass. (M. N. Baker). xlvi 77 
(1932). 

ae” Vt. (F. H. Crandall.) x 150 
(1895 

ea oe Mass. (L. M. Hastings.) xi 
121 (189 

Pc otha sted (D. N. Tower.) xxix 
160 (1915). 


Concord, N. H. (P. R. Sanders and F. A. 
Marston.) xlvii 1 (1933); (P. R. San- 
ders) 1 331 (1936). B 

East Providence, R. I. (A. C. Dickerman.) 
xliii 239 (1929). Da 

Fairh 393.94), Mass. (J. K. Nye.) viii 175 
(189. 

Fall River, Mass. (H. K. Barrows.) 
<i 549 (1922). 

Frankl 1% N. H. (F. L. Fuller.) vii 8&8 
(1892-9. 

eg Mass. (G. F. Merril].) xxix 
1 

a ae ‘Mass. (J. W. Moran.) xxv 381 
(1911). 

Hartford, Conn. (W. E. Johnson.) xxxi 
575 (1917). 

— N. H. (A. L.. Shaw.) 1 315 
(1936 

Holyoke, Mass. (A. M. French.) xviii 
396 (1904); (P. C. Lucey.) xxxiv 323 
(1920). 

Lawrence, Mass. (H. W. Rogers.) i Dec. 
6 (1886-87). 

Lowell, Mass. (R. J. Thomas.) xxvii 1 


(1913). 
Lynn, Mass. (J. C. Haskell.) x 55 (1895- 
96 


Madison, Ancon and Sete _ (L. L. 
Wadsworth.) pn Re 


Manchester, H Revd.) xlviii 
275 (1934). 

Marlborough, Mass. (G. A. Stacy.) xvi 
139 (1902). 

Nashua, N. H. (H. G. Holden.) xvi 249 
(1902). 


New Bedford. Mass. (S. H. Taylor.) 
xxxvi 370 (1922). 
Newport, N. H. (L. A. Taylor.) xii 145 


(1897-98). 

Northborough, Mass. (R. S. Weston.) li 
248 (1937). 

oe Mass. (F. A. Barbour.) xxi 348 
190 


Portland, Me. (D. E. Moulton.)  xxxi 
199 (1917); (J. W. Graham.) xliii 364 
(1929). 


Portsmouth, N. H. (J. O. Ayres.) xiii 
67 (1898-99). 


Provincetown, Mass. (L. E. Hawes.) xi 
285 (1896-97). 





Salem and Beverly, Mass. (F. F. Long- 
ley.) xxx 35 (1916). 
Springfield, Mass. (E. E. Lochridge.) xxi 


279 (1907 
bat mye ‘Mass. (R. S. Weston.) xlvii 
239 (19. 33). 
Waltham, Mass. (G. E. Winslow.) viii 
118 (1893-94). 


Ware, nee. (F. L. Fuller.) ii Sept. 49 


7-88). 
Webster, Mass. (F. L. Fuller.) ix 240 
(1894-95). 
Winchester, Mass. (E. C. Sanderson.) 
xlviii 286 (1934). 

Emergency supply, 1911 and sources of sup- 
ply, Worcester, Mass. (F. C. Kimball.) 
xxvi 113 (1912). 

Emergency water supply, Leominster, Mass. 
(W. G. Classon and C. W. Sherman.) xxix 
450 (1924). 

Engineering on additional water supply, 
Hartford, Conn. (H. W. Horne.) xxxi 
588 (1917). 

Engineering problems in recent improve- 
ments, Newton, Mass. . Sampson.) 
xiviii 88 (1934). 

Further water supply of New Bedford, Mass. 
(Edmund Wood.) xi 202 (1896-97). 

Ground water supplies, Massachusetts. (F. 
H. Kingsbury.) 1 149 (1936). 

iqgrevement of water supply, — 

ass. (R. S. Weston.) ate 53 (1935) 

Improvement of water supply, Keene, N. 
(G. A. Sampson and R. S. Weston.) x11 
(1926). 

inepevements in Rhode Island water sup- 

lies. (C. L. Pool and J. J. Dillon.) 1 143 
1936). 

Improvements to water supply, Fall River, 
Mass. (H. K. Barrows.) xxx 46 (1916). 
Lawrence, Mass., water cupply investiga- 
tions and construction. nowles, 
Mansfield, and P. Rann’ xxxix 345 

(1925). 

Making an established water-works system 
modern and efficient, Lynn, Mass. . 
Newsom.) xxxiv 139 (1920). 

Massachusetts water report. (Allen Hazen.) 
xl 44 (1926) 

Metropolitan water-supply investigating 
commission. (Report.) xl 61 (1 

Metropolitan water supply of Massachu- 
setts. (A. F. Noyes.) x 117 (1895-96). 

New water supply, Providence, t. 
E. Winsor.) xxxvi 323 (1922). 

New water-works system of the Greenwich 
Water Company, Conn. (Dana M. Wood.) 
xlii 378 (1928). 

Organization of the Portland, Me., Water 
District. (D. E. Moulton.) xliii 399 (1929). 
Proposed auxiliary water supply, Brockton, 
Mass. (R. S. Weston.) xxx 324 (1916). 
Proposed extension, Metropolitan Water 
District, Boston, Moss. (X. H. Good- 

nough.) xxxvi 189 (1922). 

Public ownership at Bridgewater, Mass., and 

improvements. A. Barbour.) xli 


Surface water supplies, steepieiennnite. 
(F. H. Kingsbury.) liii 1 (1939). 

Water supply of Southeastern Massachu- 
setts. (X. . Goodnough.) xxxvi 527 


Watuppa —— hg oe hag fee 9 eg (T. 
on.) i Jun 

SUPPLY—UNITED STATES OUTSIDE OF 
NEW ENGLAND. 
Additional water supply, New York City. 

















(W. E. Spear.) li 227 (1937). 

Catskill supply, New York, N 
Zsopus and Rondout. (Rudolph Hering.) 
xviii 360 (1904). 


Status of development. G. W. Smith.) 
xxix 481 (191 

Schoharie development. (J. W. Smith.) 
xxxiii 257 (19 

Visit to. (atemees FitzGerald.) xxxii 
393 (1918). 


Description of supplies: 
Albany, N. (R. E. Horton and B. L. 
Smith.) xlv_ hg (193 


1). 
Atlantic City, N. J. (Lincoln Van Gilder.) 


xlv 66 (1931). 

a a N. Y. (W. F. Laase.) xxix 546 
1915). 

Buffalo, N. Y. (L. H. Knapp.) xiv 206 
(1899-1900). 

East Jersey W beter Co. (Clemens Herschel.) 
viii 18 (189 

Newton, N. im ain L. Tribus.) xxiii 145 
(1909). 

New York, N. Y. (W. W. Brush.) xxiii 
371 (1909). 

Philadelphia, Pi (J. C. Trautwine, Jr.) 
xxii 419 (1908). 

Pottsville, Pe (N. J. Beisel.) xxxix 47 
(1925). 

Rees Bw. Y..: GC. Otis): 2a 

Richmond, Va. (C. E. Bolling.) iv 39 
(1889-90). 

Rochester, N. Y. (E. A. Fisher, B. C. 
Little and F. T. Elwood.) xxiv 473, 485, 
492 (191 

Syracuse, % Y. (M. B. Palmer.) xxxviii 
226 (1924). 

Tampa, ian o S. Hill, Jr.) xl 128 (1926). 

Troy, N. (E. L. Grimes.) xxii 164 
(1908). 

Establishment of Metropolitan District, 

Baltimore Caetye Md. (V. B. Siems.) 


Xxxviii 250 (1924 
Increase of available water supply, 
no capital investment, Utica, N. Y. ( 
Beck.) xxxviii 232 (1924). 
Mississippi River as a source of oo sup- 
ply. (E. G. Smith.) xix 215 (1905) 


with 
F. E. 


New York, -, Water-supply report of 
1883. (J. M. Betton.) xviii 254 (1904 

Sources of supply, conde and reservoirs, 
Rochester, N. Y. (J. F. Skinner.) xxxviii 
219 (1924). 

Wanaque water- gid Dae (Arthur H. 
Pratt.) xliv 386 (19. 


Water supplies of ag New York Metro- 
politan District with special reference to 
their ~ aaa (G. C. Whipple.) xix 
451 (1905) 

SUPPLY-FOREIGN. 


British water-works practice. (John Bow- 
man.) liii 385 (1939). 
British water-works practice. (H. J. F. 
Gourley.) 1 345 (1936). 
Description of water supplies: 
Camaguey, Cuba. (H. A. Young.) xxiii 


264 (1909). 
Caracas, Venezuela. 

xlii 303 (1928). 
Geneva, Switzerland. 

C. Whipple.) 


(Thorndike Saville.) 


(A. Bétant and G. 
xxxv 19, 22 (1921); (A. 


Bétant.) xlix 366 (1935). 

Glasgow, Scotland. (J. M. Gale.) xiv 240 
(1899-1900). 

Montreal, Canada. (George Janin.) xvii 


272, 378 (1903). 
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Tremblay.) 
(R. W. Wig- 
(Allen Hazen.) 
(A. W. Locke.) v 


Quebec, Canada. (J. A. 
a 7 208 (1925). 
John, New Brunswick. 
~ xlix 76 (1935). 
European water supplies. 
ix 109 (1894-95). 
Water in Holland, 1887. 
45 (1890-91). 


Water in Japan. (W. S. Chaplin.) i Dec. 
20 (1886-87); ‘(Allen Hazen.) xliv 451 
(1930). 

Water supply at Panama. (C. E. Davis.) xx 
252 (1906); (H. K. Higgins.) xxv 454 
(1911); (E. W. Clarke.) xxvi 1 (1912). 

Water- supply pyeatome in the tropics. (G. 
C. Bunker.) 1 1 (1936). : 

= works in Cuba. (J. F. Pierce.) xlvi 
184 

Wate orks practice abroad. (C. W. Sher- 
man.) xl 297 (1926). 

SUPPLY—MILITARY. 

Military and emergency water supplies. 
(G. C. Danforth.) xli 129 (1927). 

Twenty-sixth Engineers— Water Supply 


Regiment—A. E. F. xxxiii 569 (1919). 
Water supplies for the American Expedi- 
tionary Forces. (F. F. Longley.) xxxiii 
465 (1919). 
Water supply, Camp Sigh (Frank Bar- 
bour.) xxxtii 145, 299 (1918 


SWAMP DRAINAGE See waveneenne. 


SWIMMING POOLS. 
Swimming-pool Setegement. CW. 
son.) xxxiii 458 (1919 


TANKS. See STANDPIPES. 
TAPPING PIPES. See PIPE JOINTS. 
TASTES AND ODORS. 
See QUALITY and TREATMENT. 
THAWING. See ae 
THEFT OF WATE 
See ACCOU UNTING. ‘and MANAGEMENT. 
THICKNESS OF PIPE. 
See PIPE and SPECIFICATIONS. 
TOWERS. See STANDPIPES. 
TRADE WASTES. See SEWAGE. 
TREATMENT AND TREATMENT PLANTS 
—GENERAL, 
Development ¥ 
England. (R. 


P. Ma- 


water purification, New 
. Weston.) xlv 315 (1931). 


Developments in water purification. (W. 
Donaldson.) xlii 372 (1928). 

Difficulties in water eee. iG; 7%. 
Swarts.) xxv 191 (1911 

Electrical purification of water. CF... Mi 


rown.) viii 183 (1893- 94). 
Man’s ea ey 3 of nature in putes of 
water. T. Swarts.) xiii 1 (1898-99). 
Modern saan of water purification. (E. 


hase.) xliviii 451 (1934). 
Purification of salt water, Gloucester, Mass. 
CR. Veston.) xxv 386 (1911). 


Small purification plants: plea for more 
efficient operation. (H. P. Letton.) xxvii 
532 (1913). 

Unusual methods of water peeetion: (M. 
E. Flentje.) xliii 38 (192 

Water treatment for hte and boilers. 
(S. T. Powell.) lii 418 (1938). 

Water treatment in New York State. (C. 

R. C liii 444 (1939). 

See also STATISTICS and SUPPLY. 

TREATMENT—AERATION AND DECAR- 
BONATION. 

Aeration of natural waters. (T. M. Drown.) 

vii 96 (1892-93). 
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Aeration in water treatment. (Herman An- 
derson.) xlvi 373 (1932). ta 

Aeration of weber. (C. B. Brush.) ii Sept. 
71 (1887-88). 

Aeration of water supplies by natural 
canals and low dams. (S. E. Babcock.) iii 
35 (1888-89). : “i 

Aeration in water pao (Malcolm 
Pirnie.) xliii 395 (192 

Decarbonation of public. pat supplies. (G. 
C. Whipple.) xxvii 193, 445 (1913). 

TREATMENT—-COAGULATION AND SED- 
IMENTATION : ; 
Application of coagulant intermittently, 

Springfield, Mass. (E. E. Lochridge.) 

xxxi 48 (1917). 

Clarification of Catskill water by coagula- 
tion and sedimentation. (W. W. Brush.) 
xlii 65 (1928). - 

Hydrogen-ion concentration in water puri- 
fication. (H. P. Eddy.) xxxv 385 (1921). 

Iron and iron coagulants. (Malcolm Pirnie.) 
li 437 (1937). 

Iron coagulation and coagulants, (E. L. 
Bean.) xlvii 273 (1933). 

Mechanical conditioning of treated waters. 
(R. S. Rankin.) xlvi 380 (1932). 

Mechanically-cleaned sedimentation basins 
for water works. (E. B. Besselievre.) xli 
52 (1927). 

Removal of color from water. (Discussion.) 
xvi 156 (1902); (H. W. Clark.) xvii 1 
(1903). 

TREATMENT—CONTROL AND REMOVAL 
OF AQUATIC GROWTHS, TASTES AND 
ODORS. 5: : 
Activated carbon. (E. A. Sigworth.) li 

200 (1937). 

Application of copper sulphate to Hartford 
Reservoir and effects upon length of filter 
runs. (J. E. Garratt.) xxxvi 522 (1922). 

Chlorine studies and taste-producing sub- 
stances. (N. J. Howard and R. E. Thomp- 
son.) xl 276 (1926); xli 59 (1927). 

Control of microscopic =) ag (Wil- 
liam Haine.) xxxii 10 (191 

Control of microscopic cbc with par- 
ticular reference to New York City. (F. 
E. Hale.) xliv 361 (1930). 

Control of tastes and odors due to micro- 
scopic organisms, Spot Pond Reservoir, 
Boston, Mass. (S. E. Killam.) xlvi 241 
(1932). 

Copper sulphate as an algicide. (G. T. 
Moore.) xix 474 (1905); (D. D. Jackson.) 
xix 483, 563 (1905); (X. H. Goodnough.) 
xix 525 (1905). 

Copper ‘<akaine treatment of Cape Pond, 
Rockport, Mass. (E. S. Chase.) xxxviii 
48 (1924). 

Powdered activated carbon in water purifi- 
cation. (F. E. Stuart.) xlvi 312, 365 (1932). 

Removal of color, organisms and odor from 
water. (H. W. Clark.) xvii 1 (1903). 

Removal of microscopic organisms from 
ponds and reservoirs by a sulphate. 
(Symposium) xix 474 -(1905 

Removing organisms from in Syra- 
cuse, N. Y. (W. R. Hill.) xiv 213 (1899- 
1900). 

Removing organisms from water. (F. S. 
Hollis.) xiv 221 (1899-1900). 

Taste and odor control in public water 
supplies. (J. M. Caird.) xlix 149 (1935). 

Taste and odor control in ert plant. (R. 
G. Yaxley.) xlix 152 (1935). 

Taste and odor control, New Haven Water 








Company. (M. S. Wellington.) liii 17] 
(1939). 

Taste and odor control, Rockport, Mass 

(G. C. Houser.) xlix 156 (1935). 
TREATMENT—DISINFECTION. 

Ammonia-chlorine treatment, East  Provi- 
dence, R. I. (J. V. Turner and C. L 
Pool.) xlvii 13 (1933). 

Automatic chlorination, Concord, N. B. - . 
R. Sanders.) xliii 399 (1929). 

Chlorination. (R. V. Donnelly.) xlii 75 
(1928). 

Chlorination for special and emergency pur- 
poses. (J. D. MacMahon.) xlvi 121 (1932). 

Chlorination of New England water sup- 
plies. (W. J. Orchard.) xxxvi 99 (1922). 

Chlorine control apparatus for sterilization 
of water supplies. (G. H. Pratt.) xxxviii 
63 (1924). 

Copper sulphate as a disinfesvant. (W. P. 
Mason.) xix 481 (1905); (D. D. Jackson.) 
xix 483, 563 (1905); (J. W. Ellms.) xix 
496 (1905); (H. W. Clark.) xix 503 (1905). 

Disinfection as an adjunct to water purifica- 
tion. (H. W. Clark and S. De M. Gage.) 
xxiii 302 61909). 

Double municipal supplies, one pure, the 
other sterilized. (W. T. Sedgwick and H. 
P. Letton.) xxv 440 (1911). E 

Katadyn treatment of water and swimming 
pools. (Robert Shapiro and F. E. Hale.) 
li 113 (1937). 

Making chlorine at the point of consump- 
tion. (C. W. Marsh.) xxxvi 1 (1922). 
Metallic copper as a disinfectant. (Henry 

Kraemer.) xix 487 (1905). 

Modern water chlorination practice. (L. H 
Enslow.) xlviii 6 (1934). 

Ozone as a sterilizing agent for water puri- 
fication. (S. T. Powell.) xxix 87 (1915). 

Ozonization of water. (G. A. Soper.) xv 1 
(1900-01). 

Purification of Bridgeport water supply. (F. 
C. Barrows.) xlvii 219 (1933). 

Recent developments in chlorination. (F. 
D. West.) xlv 136 (1931). 

Sterilization of surface water by chemical 
methods. (B. Kréhnke.) xix 551 (1905). 

Ultra-violet rays for water purification. 
(Max von Recklinghausen.) xxix 202 
(1915). 

Water chlorination experience. (F. O. A. 
Almquist.) li 41 (1937). 

Water disinfection in Maryland. (R. B. 
Morse and H. R. Hall.) xxx 301 (1916). 

Water sterilization. Wakefield, Mass. E. C 
Sherman.) xxx 135 (1916). 

TREATMENT—FILTRATION. 

ae filters. (H. S. R. McCurdy.) li 
37 (1937). 

Collapse of filter roof, Lawrence, Mass. 
(S. E. Thompson.) xxii 237 (1908). 

Double filtration of water. (H. W. Clark.) 
xxiv 585 (1910). 

Experiments in filtering Allegheny River 
water, Pittsburgh, Pa. (Morris Knowles.) 
xv 148 (1900-01). 

— bed troubles and their elimination. 
&3 Baylis.) li 1 (1937). 
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Filtration of water. (H. W. Rogers.) 54 
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Tyler.) xxxix 239 (1925); xl 24 (1926). 
Purification experiments, Brisbane, Austra- 
lia. (Hardolph Wasteneys.) xxv 422 

(1911). 

Loss of head in rapid sand-filters. (R. G. 
Tyler, Danielson and Maurice Le- 
Bosquet, Jr.) xl 322 (1926). 
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-— (G. W. Fuller.) xiv 32 (1899- 
1 a 


SUBJECT INDEX. 





323 


Sand filtration, with special reference to 
American needs and European experience. 
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xxii 419 (1908). 

South Norwalk, Conn. (H. W. Clark.) 
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TREATMENT—IRON REMOV 

Deferrization and p Arena tee ll (R. S. 
Weston.) 1 231 (1936). 
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Mass. (R. S. Weston.) xxviii 27 (1914). 
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Iron-removal plants: 
mesbury, Mass. (G. A. Sampson.) xlii 
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coke filters. (H. W. Clark.) xi 277 
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TREATMENT—SOFTENING. 
Water-softening plant, Oberlin, O. (W. B 
Gerrish.) xix 422 (1905). 
TRENCHING AND TRENCHING MACHIN- 
ERY. See EXCAVATION and PIPE. 
TUBERCULATION. See CORROSION. 
TUNNELS. See CONDUITS. 
TYPHOID. See HEALTH. 
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ULTRA VIOLET RAYS. 

See TREATMENT (v{(SINFECTION). 
UNEMPLOYMENT RELIEF. See MAN- 
AGEMENT. 


VALUATION AND REGULATION OF PUB- 

LIC UTILITIES. 

Comparing economy of structures of different 
classes. (G. F. Swain.) ii March 32 
(1887-88). 

Control of public utility companies by pub- 
lic-service commissions. (Leonard Met- 
calf.) xxx 160 (1916). 

Court decisions, incident to purchase of 
Braintree Water Supply Co. (H. A. Sy- 
monds.) xxxvi 426 (1922). 

East Providence Water Company rate case. 
(A. C. Dickerman.) xliii 246 (1929) 

Governmental regulation of water powers. 
(M. O. Leighton.) xxiv 259 (1910) 

Maine water districts ook appraisals (H. 
D. Eaton.) xix 147 (190: 

Principles of rate-making. tw. M. Wherry.) 
xl 249 (1926). 

Public-service regulation. (W. D. Worthen.) 
xxxi 163 (1917). 

Regulation of private water companies, New 
York City (Delos F, Wilcox.) xxxi 550 
(1917) } 

State rommintion of public utilities (Morris 

<nowles.) xxvi 2. 912). 
See alco MANAGEMENT. 
VALVES. See GATES. 
VENTURI METERS. 
See MEASUREMENT OF WATER. 
VITAL STATISTICS. See HEALTH. 


WASTE, LEAKAGE, PIPE BREAKS AND 
PIPE TESTING. : 
Allowable leakage from water mains. (E. 

G. Bradbury.) xxviii 315 (1914). 

Breaks in cement-lined pipes. (J. C. Has- 
kell.) vii 171 (1892-93). E 

Breaks in water mains. (S. E. Killam.) 
xxxi 268 (1917). : : 

Breaks in water mains, service pipes and 
hydrants—a symposium. (F. A. McInnes, 
S. illam, S. H. Taylor, F. A. Mars- 
ton, C. W. Mowry, and G. 
xlv 23 (1931). 

Control of water waste by house-to-house 
inspection. (G. Z. Smith.) xxxv 322 
(1921). 


H. Finneran.) 


Detecting leaks in lone gr pipes. (D. 
A. Heffernan.) xxxii 204 (1918). ce 
Detecting — waste. (B. I. Cook.) vii 
22 (1892 

Detection and prevention of water waste. 
Marion, O. (E. re wan.) xviii 185 


1904). 
Detection of leakage by Bell waterphone. 
73 (Trans. 1884). 
Efficacy of inspection to reduce water waste. 
(Discussion.) 30 (Trans. 1883). 
Efficacy of meters in water-waste preven- 
tion. (Discussion.) 30 (Trans. 1883). 
Emergencies resulting from breaks in water 
mains. (Discussion.) xlvi 138 (1932). 
Experiences with broken pipes. (Commit- 
tee report.) xxii an (1908); xxiii 435 
(1909); xxvii 160 (19 
Joint-leakage tests, He erhill, Mass. (H. 
C. Crowell.) | xlvii 122 (1933). 
Leakage detection. (Patrick Gear.) xxviii 
68 (1914). 
Leakage from lead joints in cast-iron water- 
pipe. (A. H. Smith.) xxx 1 (1916). 








Leakage from pipe ogo (Frank A. Bar- 
bour.) xxx 439 (191 

Leaks and litigation. (G. H. Finneran.) 
xli 201 (192 i 

Locating ake in water mains. (J. Hoxie.) 
xxvii 307 (191 

Location of a een main. (G. A. Stacy.) 
vii 222 (1892-93), 

Location of leak in a submarine pipe line. 
(E, Hooper.) xxix 536 (1915). 

Municipal use and waste of water. (John 
Venner.) xvii 268 (1903). 

Peculiar leak in a main pipe adjacent to a 
oon em (R. C. P. Coggeshall.) xxi 487 
(1907). 


Saving of. water and conservation of coal. 
(G. A. Carpenter.) xxxii 198 (1918). 

Unaccounted-for water, Norwood, Mass. (C. 
A. Bingham.) xlvi 201 (1932). 

Waste restriction, oe, Mass. (F. A. 
McInnes.) xxxv 34 (192 

Water loss a pipes. aa H. Crandall.) 
xii 245 (1897-98). 

Jater Ban (Committee report.) 27 
(Trans. a (Dexter Brackett.) i Dec. 
2 (1886-87). 

Water waste, Metropolitan Water Works, 
Boston, Mass. (Dexter Brackett.) xviii 
107 (1904). 

Water-waste prevention. (D. A. Heffernan.) 
xlv 21 (1931). 

Water-waste prevention, New a City. 
(W. W. Brush.) xxvii 407 (191 

Water-waste Spe sores. (Paul Lan- 
ham.) xxxiii 287 (191 

Water-waste surveys, "Lexington, Mass. 
(A. A. Ross.) xlviii 72 (1934) 

See also CONSUMPTION and PIPE. 
WASTE DISPOSAL. See SEWAGE. 
WATER— ANALYSIS, CONDUITS, CON- 

SERVATION, CONSUM MPTION, DISTRI- 

BUTION, INTAKES, LABORATORIES, 

LAWS, MEASUREMENT, METERS, PIPE, 

POWER, QUALITY, RATES, SUPPL Y, 

TREATMENT, WASTE. 

See ANALYSIS, CONDUITS, CONSERVA- 
TION, CONSUMPTION, DISTRIBU- 
TION, INTAKES, LABORA 
LAWS, MEASUREMENT, 
PIPE, POWER, QUALITY, auaened 
SUPPLY, TREATMENT, WASTE 

WATER ASSESSMENTS. See RATES. 
WATER BACTERIOLOGY, BIOLOGY AND 
CHEMISTRY. 
See Apeerens, QUALITY and TREAT- 


WATER-BORNE DISEASES. See HEALTH. 
WATER COMPANIES. 

See MANAGEMENT and VALUATION. 
WATER DISTRICTS. 

See MANAGEMENT and SUPPLY. 
WATER DIVERSION. 

See DAMAGES and LAWS. 
WATER FILTRATION. See TREATMENT. 
WATER FLOW. See HYDRAULICS. 
WATER HAMMER. See HYDRAULICS. 
WATERING — See FOUNTAINS. 
WATERPROOFIN 

See RESE RVOIRS and STANDPIPES. 
WATER PURIFICATION. 

See TREATMENT. 
WATER RAM. See HYDRAULICS. 
WATER RIGHTS. See LAWS. 











WATERSHEDS. 
Care of large maserehete. 

xxxvii 385 (192. 
Can high-value - OP lands be put to 


(F. I. Winslow.) 


profitable use. (Discussion.) xxxvi 279 
(1922). 

Costs and results obtained in reforestation 
of Croton Watershed. T. C. Culyer.) 
xxx 69 (1916). 

Desirability of making watershed areas and 
sanitary districts coterminous. E. 
Middleton.) xiii 119 (1898-99). 


Forest conservation. (R. S. Kellogg.) xxii 
). 


389 (1908 
Forest restoration. in hurricane area. (A. 
C. Cline.) liii 223 (1939). 


Forestation of watersheds. (F. M. Rane.) 
xxv 234 Gam (S. K. Clapp.) xxx 64 
(1916); (P. Ayres.) xxxvii 127 (1923). 

Forestry and yr works. (L. W. Good- 

ich.) xxiv 345 (1910); (E. S. Bryant.) 
xv te (1911); (J. W. Toumey.) xxxi 247 
917 

Forests and the evaporating power of water. 
(P. W. Stickel.) xlvii 229 (1933). 

Forests and water supply in New England.) 
(C. E. Behre.) xlvi 170 (1932 

Protection of catchment areas. GC. F. Skin- 
ner.) xliii 1 (1929 

Recreation facilities ‘near water supplies. 
(D. E. Moulton.) li 370 (1937). 

Reforestation of North Adams watersheds. 
(J. P. Miller.) xlviii 272 (1934). 

Sanitary improvement of a large Gyotnnae 
area in the Catskill region. (G. G. Hon- 
ness.) xxix 502 (1915 
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Sanitation of watersheds. (A. D. Weston.) 
xviii 306 (1934). 

Silvicultural control of the gypsy moth in 
watershed forests. (A. C. Cline.) li 235 
(1937). 

Swamp-drainage for watershed impemenent. 
(Edward S. Larned.) xvi 38 (190 

Watershed and forestation work, Bridge- 
port water company. (W. C. Pollitt.) 
xlvii 223 (1933). 

Watershed sanitation. (D. C. Calderwood.) 
lii 392 (1938). 

Watershed sanitation. (M. 
lii 343 (1938). 

Wire fences and concrete posts, 
water supply. (R. N. Wheeler.) 


1916). 
See also HEALTH and QUALITY. 


WATER STERILIZATION. 
See TREATMENT. 


WATER TANKS AND TOWERS. 
See STANDPIPES. 


WATER WORKS. See SUPPLY. 
WELDING. See PIPES and PIPE JOINTS. 


S. Wellington.) 


New York 
xxx 124 


WELLS. 
See GROUND WATER and PUMPING. 


WOOD PIPE. See PIPE (WOOD). 
WROUGHT-IRON PIPE. 
See PIPE (STEEL). 


YIELD OF CATCHMENT AREAS. 
See HYDROLOGY. 
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BOOK REVIEW 


Pustic WATER Suppiigs. By F. E. Turneaure, Emeritus Dean of 
the College of Engineering, and H. L. Russell, Director of Alumni 
Research Foundation, University of Wisconsin. Fourth edition, 
revised. xvi+704 pages. 6 by 9. 232 figures. Cloth. $6.00. 
John Wiley and Sons, Inc., New York. 


Those of us who have spent a score of years or more in the 
water-works profession will greet the revision of this classic in water- 
works literature as an old friend, long absent; while younger men 
will profit by their new acquaintance. Although the new book is 
shorter by 62 pages and contains 68 figures less than the previous 
edition of 1924, it is by no means a streamlined version of its former 
self but still the meaty tome that challenged the jaws of our minds 
as undergraduates and practising engineers. 

This fourth edition of Public Water Supplies is a revision in 
the true sense of the word. It is a good book brought to date by 
noting progress in principle and method and by adding information 
culled from recent experience. On the whole, the revision is con- 
servative. Excepting where new collaborators were invited to be 
active, the revision seems to have been accomplished by the judicious 
use of shears and paste, i.e. by resection and grafting. The most 
notable changes have been wrought by Dr. M. Starr Nichols, Pro- 
fessor of Sanitary Chemistry, University of Wisconsin, and Chief 
Chemist, Wisconsin State Laboratory of Hygiene. Dr. Nichols has 
rewritten the three chapters on Quality of Water Supplies, and their 
authority and modernity will be appreciated. Dr. Nichols has aided 
also in the revision of the five chapters on Water Purification, the 
last of which includes many of the newer concepts in water treatment: 
recarbonation, hexametaphosphate, zeolites, fluorides, corrosion con- 
trol, ammoniation, and activated carbon. The chapter on Pumping 
Machinery has been revised largely by Professor Arno T. Lenz, Uni- 
versity of Wisconsin. It reflects modern practise to good purpose. 

After an introductory chapter which presents the history, value, 
and importance of public water supplies, the book is divided into two 
parts: Part I—Requirements and Resources, and Part II—The Con- 
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struction of Water Works. Part I falls into two sections: A. Quantity 
of Water Required: Sources of Supply, made up of six chapters, 
four of which deal with hydrological matters; and B. Quality of Water 
Supplies, three chapters. Part II is subdivided directly into nineteen 
chapters. Single chapters on generalities pertaining to water-works 
construction and on hydraulics are followed by six chapters on col- 
lecting works for surface and ground waters, including three chapters 
on dams. Then come five chapters on water purification, two chapters 
on pipes and conduits, a chapter on pumping machinery, two chapters 
on distributing systems, and the concluding chapter on operation and 
maintenance. An index of ten pages, like its predecessors too brief 
for lazy minds, completes the book. 

The book is well printed and sturdily bound. The illustrations 
are well chosen and, as a rule, clear. Occasionally, a long-used cut 
arouses the reader’s nostalgia for the simpler ways of the Victorian era. 


Gorpon M. Farr. 
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City of 
BOSTON’S Choice 


Boston, Mass. joins the trend of America’s leading municipalities 
to Dresser Couplings. In 1939, the Department of Public 
Works, Water Division, laid 3,800 feet of 48-inch ID steel 
water-supply main in Roxbury. Typical Report: “Leakage 
tests on first 500 feet practically perfect, or no sweat whatever 
at joints . . . Dressers dry as a bone! Everybody pleased.” 
®@ Write for our General Catalog No. 36. 


FIVE REASONS WHY MODERN WATER LINES ARE DRESSER-COUPLED: 


PERMANENT TIGHTNESS—proved for 50 years, on 150,000 miles of pipe. 
FLEXIBILITY—normal pipe movements—present in every line—are absorbed. 
SIMPLICITY—joints are “factory-made”; ordinary labor can install. 
STRENGTH—predetermined ; joints safely withstand any specified pressure. 
TRUE ECONOMY=—a truly lower joint cost throughout the life of the line. 


Write for our General Catalog No. 36. 
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